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BLOOD CaLUCOSE LEVEL CONTROL 
RELATED APPLICATIONS 

This ^plication is a contmuation-in-part of PCT plication PCT/ILOO/00566, now 
published as WO 01/66183, which designates die US. This application is also a continuation-in-part 
5 of PCT application PCT/DJ)0/00132, filed on March 5, 2000, which designates the US, now US 
appKcation 09/914,889. This application claims tiie benefit under 35 USC §1 19(e) of US provisional 
application 60/123,532, filed March 5, 1999. This application is also related to PCT publication WO 
99/03533. The disclosures of all of these ^plications are mcorporated herein by reference. 

FIELD OF THE INVENTION 
10 Tbe present invention is related to flie field of controlling blood serum gjucose levels, 

espedally by application of electric fields to a pancreas, to control insulin ouQ)ut 

BACKGROUND OF THE INVENTION 
Control of insulin secretion is very important, as there are many living diabetes patiaits vs^ose 
pancreas is not opmting correcOy. In some type of diabetes, flie total level of insulin is reduced 
15 below that required to maintain normal blood glucose levels. In others, the required insulin is 
generated, but only at an unaccq)table delay after the increase in blood glucose levels* In others, tiie 
body is, for some reason, resistant to the effects of insulin. 

Although continuous control (e.g., avoiding dangerous spikes and dips) of blood glucose level 
is desirable^ it cannot cunently be achieved in some patients. 
20 The insulin seoetion process operates as follows: glucose levels in the blood are coupled to 

depolarization rates of beta islet cells in the Pancreas. It is postulated fliat when there is a higher 
glucose levd, a hig^ ratio of ATP/ADP is available in the beta ceO and this closes potassium 
diannels^ causing a depolarization of the beta celL When a beta cell dqx>laiizes, the level of calcium 
in the cell goes vp and tiiis elevated calcium level causes tiie conversion of pro-insulin to insulin and 
25 causKsea?^onofinsuIinfiom the cell. 

Tbe beta cells are arranged in islets, within a reasonable range of blood glucose levels, an 
action potential is prc^g^ted in the islet Generally, die electrical activity of a beta cell in an islet is in 
tiie form of bursts, eadi burst con^ses a large number of small action potentials. 

In PCT publication WO 99/03533, the disclosure of which is incorporated herein reference, 
30 it was suggested to reduce the output of a pancreas using a non-excitatoxy electric field. 
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PCI publication WO 98/57701 to Medtranic, die disclosure of ^diich is incoipoiated h^in 
by reference, suggests providing a sdmulaling electric pulse to an islet; causing an eariy initiation of a 
burst and fliuSi incieasii^ tiie fiequ^cy of tfae bursts and increasing insulin seonetion. 

The above PCT publication to Medtronic suggests providing a stimulating (e.g., above 
5 stinnjlation IfarBshoId) pulse during a burst, tiia:eby stepping flie bmst and reducing insulin secretion. 
This publication also suggests stimulating different parts of the pancreas in sequ^ce, thereby allowing 
unstimulated parts to rest. 

However, one limitation of the methods described m die Medtronic PCT publication is that 
increasing the burst ftequency increases the level of intra-cellular calcium in the beta cells over a long 
10 period of time, without the level being allowed to go down, during intra-burst int«vals. This increase 
may cause various cell deafli mechanisms to be activated and/or otherwise upset the normal balance 
of tiie beta cell, eventually killing ttie cell. In addition, such high calcium levels may cause hyper- 
polatization of beta cells, thereby reducing insulin secretion and preventing propagation of action 
potentials. To date, no working electrical pancreatic control device is known. 
15 Diabetologia (1992) 35:1035-1041, for example, the disclosures of which are incoiporated 

herein by reference, describe the interaction of the various hormones generated by the pancreas. 
Insulin enhance glucose utilization, fliereby redudng blood glucose levels. Insulin also stimulates the 
secretion of glucagon whidi causes the liver to secrete glucose, increasing the blood glucose leveL 
Somatostatin reduces the secredon of both insulin and glucagon. This publication also describes an 
20 experiment in which sympathetic nervous stimulation caused an increase in Somatostatin secretiorL It 
is suggested in this pz^r that normal glucose levels inahealtbQr human may be maintaiiKd with the aid 
of glucagon secredon. 

SUMMARY OF THE E^NTION 
An aspect of some fflibodiments of die invention relates to selective and/or integmtive control 
25 of the various hormones gqnaated by tte panca«as and vdiich affect blood glucose level, to provide a 
control of blood glucose levels. The control may be achieved using pure electrical stimulation, or 
possibly using one or more pharmaceuticals and/or other molecules to interact with die electrical 
stimulation in a desired mann^. The idiarmacoiticalsnctay prevent the pancreatic ceDs from pr^ 
and/or seo^eting a hormone. Alternatively, die pharmaceuticals may prevent the action of the 
30 hormone, fer exaniple by blocking die recqjtors or disabling die homione. Altmiatively or 
additional^, hormones, such as insulin. Somatostatin or glucagon may be provided fiom outside the 
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body or using an insidin pump, ia scmie embodiments of Has invendcm, the control is non-exidtatDiy 
(defined below). In oflio- embodiments of die invention, the control is exdtatoiy or a comlnnation of 
exdtatoiy and non-mdtatoiy contioL 

Jn some exemplaiy embodiments of the invention, fte control is not xrumly of the blood 

5 ghicose levels but also of the honnone levels required to provide a satisfactory physiological effect, 
rather than mOTely prevention of symptomatic efiects of inconect blood glucose levels. SiKh control 
may be effected, for example to achieved desirable short term effects alternatively or additionally to 
achieving desirable long term effects. This type of positive control of two parameters should be 
distinguished fiom merely controlling blood glucose by varying the insulm level Such mere controlling 

10 may not allow both desired blood glucose levels and insulin levels to be achieved, possibly leading to 
over-exertion of the pancreas. 

It is hypothesized that one possible reason for lack of success of nervous or direct stimulation 
of the pancreas for glucose control is the simultaneous and non-selective effect of the stimulation on 
the secretion of several different honnones, reducing the effectiveness of the hormones secreted 

15 and/or overwoildng the pancreas. 

In an exemplaiy CTibodiment of &e inv^tion, the secretion of a counteracting type of 
homione (e.g., glucagon or insulin) is suppressed, to prevent feedback interactions whereby the 
secretion of a taiget hormone (e.g., insulin or glucagon) increases the secretion of the countraacting 
lu>imone. 

20 Altenmtively or additionany, the stimulation of sec^tion of the taii^homa^ 

low enough levels fhsat do not causes a significant sea^etion of the counteracting honnone. The 
secmtion time may be extended, so that the total amount of homione is sufficimt for a desired result 

Alternatively or additionally, the stimulation of secretion of the taiget of hoimone is controlled 
to be in bursts dial aro not long enough to stimulate a significant secretion of the counteracting 
25 hcnmone. Alternatively, the secretion may be made sustained, to purposely cause sec^netion and/or , 
{Hoduction of the counteracting honnone to a desired degree. 

Altmiatively or additionally, tibe secretion of the taiget honnone is maintained at a high 
enough level to overcome the counteac^g effects. 

Alternatively or additionally, the stimulation of secretion of the target hormone is maintained at 
30 a high enough level to cause the generation of significant amounts of a secretion limiting honnone (e.g.. 
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Scrniatostatin), which seoi^on prevents the seoDetioii of the countra:acting hoimoiie, hut is not 
sufficient to prevent the stimulation fiom leleasmg of the taiget hormone. 

Alternatively or additionally, the seoetion of several of pancreatic homaones is siq)piessed by 
hyper-polarizing the pancateas. Such hyper-polarization can be electrical in nature or chemical. For 
5 example^ Diazoxide causes hyper-polarizadon and reduces activity in the pancreas. 

Alternatively or additionally, beta cell response (e.g., insulin secretion) to high blood glucose 
levels is dampened, rath^ flian blocked, so as to prev^t hypoglycaooia. Alternatively or additionally, 
glucagon secretion is provided to prevent iQpeiglycemia, v/hsn hig^ insulin levels persist in spite of 
reduced glucose intake. In some cases, damping of insulin response and/or provision of glucagon are 
10 used to prevent overshoots caused, for exan^le, by a delayed response to fb& artificial control of ttie 
pancreas. In some cases, the insulin (or other hormone) increasing or decreasing pulse is applied 
and/or removed gradually (e.g., with regard to effect or temporal ftequency), to prevent such an 
overshoot Alternatively or additionally, an active noteasuie, such as providing an antagonistic 
hormone, is used 

15 In an exemplary embodiment of the invention, when a stimulation is used to effect a large 

insulin secretion, glucose levels are also increased to prevent hypoglycemia. In one example, this is 
provided by a glucose pump. In anoth^, this is provided by direcdy stimulating the release of 
glucagon. In another example, the insulin secretion is large or fast enough so it directly or inditecdy 
causes glucagon secretion. In one example, insulin is seoreted faster than it can be cleared away by 

20 blood flow (e.g., natural or artificially reduced), caudng a local (to the pancreas) v^ high level of 
insulin, which may stimulate ghicagon productioa Alternatively or additimally, the insulin levd is made 
high enou^ (and/or increase fast enot:^) inthe body in general, to stimulate ^ca^ production. In 
an alternative embodiment of tiie invention, the insulin increase is kept slow, to prevent secretion of 
glucose and/or various homiones by the bod/, for example, by promoting habitation of the relevant 

25 jdiysiological medianism and/or preventing the triggering of rate-s^itive mechanisms. 

An aspect of some embodimoits of die invention relates to effecting control of insulin and/or 
gjlucose blood levels by controlling ghicagon secretion. In an exmplaiy embodim^t of die invention, 
sudi increased gliu:agon secretion is used to increase blood ghicose levels, mstead of insulin secretion 
reduction or additional to it Optionally, the seoetion of glucagon is limited so as not to cause a 

30 complete depletion of glucose sources in the liver. Alternatively^ or additionally, insulin secretion is 
stimulated by an inoease in gihicagon secietioa hi an exemplaiy embodiment of the invention, bodi a 
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desired ghicose level and a desired insulin level can be achieved simultaneously, by suitably controlling 
glucagon secietioa Alternatively or additionally, tibe need fin: abnonnalfy higjbi levels of insulin aie 
prevented by not stiniulating glucagon seoretion. In some cases, insulin seca:etion is provided to 
pron^ the oeating of glucose stores in Qie liver or glucagon is provided to deplete sudi stores. 

5 In some ex^plaiy embodimoits of &e invention, controlling bofli ghicose levels and insulin 

levels allows control over eflects of insulin oIIict (ban blood glucose level, for exanq)le effects on l^nd 
metabolism, g|uconeogenesis in liver, ketogenesis, fat storage, glycog^ finmation. 

Altmiativdy or additionally, the liver may be ov^wfaelmed with ghicose and/or insulin, 
without associated hyperglycemia, so as to force complete filling of glycogen reserves and/or prevent 

1 0 hepatic absorption of glucose at a later time. 

Alternatively or additionally, insulin levels maybe reduced so that less glycogen is stored in the 
liven This may be useful in von Gieike's over-storage disorder and/or in other over-storage 
disorders. 

An aspect of some embodiments of the invention relates to mapping the response and/or 
15 feedback behavior of a pancreas. Such mapping may be used for, for example a particular patient, 
and/or for a type of patient and/or pancreatic disorder. 

In an exemplary embodiment of the inv^nition, one or more of the follovmg properties of a 
pancreas is determined: 

(a) the interaction betv^^een two or more hormones, including one or more of the an^lification 
20 gain positive or negative), the efTect of short vs, long sustained changes in one hormone level on 

anofh^, delay limes for effect of one hormone on another, and/or natural sequences of hormone 
activation; 

(b) response of hormone secretion and/br production to various stimulatory and inhibitory 
effects, such as electrical fiekls, pharmaceuticals and/or nervous stimulatioo; 

25 (c) the effect of ghicose levels, previous stimulation of tiie pancreas and/or pharmaceutical 

levels on tiie homione interactions and responses to stimulation and to levels of other pancreatic 
hormones and/or other physiological parameters, for example levels of digestive enzymes; 

(d) burst ability vs. hormone oeating ability, including, for example, intra-cellular hormone 
and pre-hormone storage capacity and/or time constants; 
30 (e) different behavior of diffoeat parts of die pancreas; and 

(f) electrical activi^ of all or some of the pancreas. 
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In some embodimmts, the mapping also detmnines flie effect of non-pancreatic homooncs, 
for example pituitaiy, thyroid and adratial hormones. Some of these honnones may increase or 
reduce blood glucose level by direct effect on the liver. 

In an exemplary embodimmt of flie invention, a direct measurement of absolute or relative 
5 hormone levels and/or a measurement of glucose levels and/or other ph3rsiological parameters, is used 
to determine the effect of various stimulation. Sudi measurements may be on-line or off-line. In an 
exenq)lary embodiment of die invmtion, a fiber-optic chCTiical sensor is used to assay hormone 
levels. Alternatively or additionally, an anti-body based test is used. In an exen^laiy mibodiment of 
the invention, the controller includes a port or a guide wire to the pancreatic and/or portal circulatory 

10 system. Possibly, tfie port or guide wire exits the body, reach until just under the skin and/or open 
into a body lumen, for easy access. Such a port or guide wire may be adapted for guiding a catheter, 
for removing homione laden blood fix5m the pancreas. The catheter and/or guide wire may be 
removed once a mapping stage is over. Alternatively or additionally, the port is used to guide an 
endoscope, for implantation and/or repositioning of sensors and/or electrodes. 

15 Alternatively or additionally to measuring intra-pancreatic interactions, the adaptation of the 

pancreas to various physiological states and/or the adaptation of the body to various pancreatic states 
and/or blood honnone levels, is also measured. Such measuring may be pedbrmed in a laboratoiy. 
Alternatively or additionally, an ambulator/ or inqplanted device is provided to a patent to measure 
the above pancreatic behaviors over time. 

20 In an exen^Iaiy mibodiment of die invention, the above measured behaviors are used as 

parameters for a predictive model of fte behavior of the pancreas. Alternatively or additionally, a new 
model, for example a neural netwoik type model is created fiom the measuremmts. Sudi a model is 
possibly sued to inedict the effect of a therapy and/or to choose between alternative tiimpies. In an 
exemplaiy embodiment of flie invention, sue* a modd is used to select a tiieiapy for ^ucose level 

25 reduction vAddh inoeases insulin secretion but does not increase glucagon secretion. 

An aspect of some exen^laxy embodiments of die invention relates to controlling pancreatic 
behavior indirecOy by controlling the flow of blood to flie pancaceas, for affecting honnone generation 
and secretion and/or by controlling blood flow 6om flie pancreas, to effect homione dissmiination 
and/or local levels of honnone in flie pancreas. In an GKeraphry embodiment of flie invention, flie 

30 blood flow is controlled usmg non-excitatoiy electrical fidds flmt selectively contract or relax arteries 
and/or veins to, from or inside some or all of the panaceas. 
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An aspect of one exQniq)laiy embodiment of ftie invention relates to a m^od of incaeasng 
iDsuUn secietion, while avoiding unaccqitable calcium levd profiles. In an exenq)laiy embodiment of 
(he invention, insulin output is increased by extending a burst duration, whfle maintaining a suitab^ 
lengOiy intorval hdtwGm bursts, thus allowing caldum levels to decay during the int^aL Altemativdy 

5 or additionally, insulin output is increased by increasing the eiiectiveness of calcium inflow during a 
burst, possibly wittiout dianging flie burst fiequency and/or duty cycle. Attematively, in both methods, 
the burst fiiequency may be reduced and/or the interval inraeased, while allowing higher insulin ou^ 
levels or maintaining same output levds. 

In an exemplaiy embodiment of the invention, the eilects on insulin secretion are provided by 

10 applying a non-excitatory pulse to at least part of the pancreas. As used herein the term non- 
exdtatory is used to describe a pulse that does not generate a new action potential, but may modify 
an existing or future potential. This behavior may be a result of the pulse, aii5)litude, frequency or 
pulse aivelope, and generally also depends on the timing of the pulse application. It is noted tiiat a 
single pulse may have excitatory and non-excitatory parts. For example a 100 ms pacing pulse, may 

15 cease to have a pacing effect after 20 ms and have real non-excitatory elBFects after 40 ms. 

In an exemplary embodiment of tiie invention, when a pulse is applied in accordance with an 
exemplary ^bodiment of the invention, it increases burst amplitude, with the effect possibly 
continuing for some duration. Optionally, the pulse does not stopping the burst. Possibly, the burst is 
also lengthened It is believed that increaabg burst amplitude may ina:ease insulin generation and/or 

20 secretion. 

The pulse may be synchronized to the local electrical activity, for example, to bursts or to 
individual action potmtials. Alternatively or additional)^, the pulse may be synduonized to the cycle of 
dmnges in insulin level in flie blood (i^ically a 12 minute c^le in healthy humans). Altemativdy, the 
pulse may be unsyndironized to local or global pancreatic electrical activity. Alternatively, the q^lied 

25 pulse may cause syndironization of a phiraUty of islets in flie panoeas, for example by initiating a 
burst. A two part pulse may be provided, one part to synchronize and one part to provide the non- 
exdtatoiy activity of the pulse. Aldiougjh the iexm "pulse** is used, it is noted diat die spplied electric 
field may have a duration lon^ than an action potential or even longer than a burst 

An Bspect of some exen^lary embodimmts of the invention relates to reducing caldum levels 

30 in beta islet cells. In an exemplaty embodiment of die invention, tbo levds are reduced by providing 
an oral drug. Alternatively, the levds are rediiced by increasing the interval between bursts* The 
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inteivals may be inasased, for exan^le, by suppiessmg bursts of action potentials, for exaxnple using 
excitatoiy or nonrexcifatoiy piilses. Altemalively, an electro-physiologiGal drug is provided for diat 
puipose. For example. Procainamide HCL and Quinidine sulfate aie Na channel antagonists, 
Muioxidii and Pinacidil aie K channel activators, and Amiloride HCL is an Na diannel and epidielial 
5 antagonist. Otfaffl: suitable pharmaceuticals are known in the art, for example as described in the RBI 
Handbook of Recqitor Classificatbn, and available fiom RBI inc. This reduction in calcium levels 
may be pafomaied to reduce time responsiveness of the pancreas to glucose levels in the blood. 
Altmiatively or additionally, this reduction is used to ofiset negative side effects of drugs or other 
treatment methods and/or to enforce a rest of at least a part of the panoeas. Alternatively or 
10 additionally, fliis reduction may be ofket by increasing the effectiveness of insulin secretion. 

An aspect of some exemplary embodiments of the invention relate to pacing at least a 
iportion of die pancreas and, at a delay after the pacing, applying a non-excitatory pulse. The non- 
excitatory pulse may be provided to enhance or suppress insulin secretion or for other reasons, hi an 
exen:q)laiy embodiment of fiie invention, die pacing pulse provides a synchronization so that the non- 
15 excitatory pulse reaches a plurality of cells at substantially a same phase of their action potentials. A 
iuriher pulse, stimulating or non-excitatory may then be provided based on the expected effect of the 
non-excitatory pulse on the action potential 

In an exemplary embodim^t of tiie invention, the stimulation pulse that is used to affect the 
insulin production is also used to cause pacing hi one example, the pulse resets the electrical activity 
20 in the pancreas, possibly in a manners similar to that of a defibrillation pulse appUed to tiie heart 
Alternatively or additionally, the stimulation pulse may cause an immediate burst to occur, causing 
later pulses to be automatically delayed relative to that pulse. Independent of die actual reason for 
such syndtnonization, in an exenqplaiy onbodiment of the invention, a stimulation pulse is used wfaidh 
causes a short delay of a few seconds after tiie pulse before a new, (at least nominally) normal length 
25 burst is generated. 

An aspect of some exemplary enabodiments of the inv^on relates to simultaneously 
providing pharmaceuticals and electrical control of a panoeas. In an exemplary enibodunent of tiie 
invention, tiie electrical control counteracts native effect of tiie pharmaceuticals. Alternatively or 
additionally, die pharmaceutical counteracts negative effects of the electrical control. Alternatively or 
30 additionally, die electrical control and the phamdaceutical complement each olfaa:, for exanq^le, die 
pbarmac^tical afiecting die insulin producticm medianisms and the electrical control affecting foe 
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insulin seciedon mecfaanism. The electrical cantrol and/or the phannaceutical control may be used to 
control various ficets of the endocrinic pancreatic activity, including one or more of: glucose level 
sensing, insulin production^ insulin secretion, oeQular regeneration, healing and training mechamsms 
and/or action pot^tial propagation. In an exemplaiy anbodiment of die invention, electrical and/or 
5 phannaceutical medianisms are used to replace or si^port pancreatic mechanisnis that do not wodc 
well, fin: exan^le, to replace feedbadc medianisms ttiat tum off insulin pioduction v/ten a desired 
blood g^cK^ose level is adueved Tte phamiaoraiticals diat interact with tiie pancreatic controller may 
be provided for affecting the pancreas. Alternatively, they may be for other parts of the body, for 
example for the nervous system or the cardiovascular sj^em. 

10. An aspect of some exenqplaiy embodiments of the invention relates to activating pancreatic 

cells in various activation profiles, for example to achieve training, regeneration, healing and/or optimal 
utilization. In an exetnplaiy embodiment of the invention, such activating can include one or more of 
excitatory pulses, non-excitatory pulses and application of pharmaceuticals and/or glucose. It is 
expected that diseased cells cannot cope with normal loads and will degenerate if such loads are 

15 applied However, by providing sub-normal loads, these cells can continue woricing and possibly heal 
after a while using self healing medianisms. In particular, it is expected that certain diseased cells, 
when stimulated at at least a minimal activation level, will heal, rather than degenerate. Alt^tnatively or 
additionally, it is expected that by stressing cells by a certain amount, compensation mechanisms, such 
as increase in cell size, response speed and profile to glucose levels, cell effectiveness and/or cell 

20 numbers, will operate, Ihereby causing an inraease in insulin production capabiUty, insulin response 
time and/or other desimble pancreatic parameters. The appropriate activation profiles may need to be 
determined on a patient by patient basis. Possibly, diflfor^it activation profiles ate tested on one part 
of the pancreas, and if they work as desired, are applied to other parts of die pancreas. These other 
parts of the pancreas may be suppressed during the testing, to prevent over stressing thereof. 

25 Alternatively, tiiey may be maintamed at what is dsemed to be a "safe" level of activity, for example 
by electrical control or by jdiannaceutical or insulin control. 

An aspect of some exsniphacy embodiments of the invention relates to electrically affecting 
and preferably controlling insulin genoation, alternatively or additionally to affecting insulin seostion. 
In an exemplary embodiment of the inventicm, insulin production is oihanced by "milking" insulin out 

30 of beta cdls so that their su|q)lies of insulin are always under par. Alternatively or additicniaUy, by 
under-milking such cells (e.g., prevoitim of secretion), insulin production is decreased In some 
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patients opposite effects may occur - ov^^nilking will cause a reduction in insulin production andA^ 
under-milldiig will inoease insulin production. Abemadvely, insulin production is suppressed by 
prev^ting a cell fiom seoetii^ insulin (e.g^ by preveotii^ dqpolarization), tfaer^ causing laige 
amount of insulin to stay in die cell, and possibly, pcev^ fiirfher production of insulirL Such 

5 medianisms for stopping the pnxfaicdon of insulin have been detected in pancreatic cells. 

In an exenq)laiy onbodiment of flie invention, by causing a cell to store a lar^ amount of 
insulin, a fister response time can be adiieved, vfbm large amounts of insulin are required, for 
example to combat hyperglycemia. Hie cells can ttien be syslemically depolarized to yield their stores 
of insulia Possibly, a plurality of pancreatic cells (the same or dififerent ones at diffoent times) are 

1 0 periodically set aside to serve as insulin burst providers. 

Alternatively or additionally, suppression of insulin ou^t is used during medical procedures, 
to prevent hypoglycemia Alternatively or additionally, suppression or enhancement of insulin output is 
used to overwork panareatic tumor cells, so th^ die fiom over production or from over-storage of 
insulin. In some cases, the overworking of cells caused by cycling demand may be used as a form of 

15 stress to weaken cells, and in combination with another stress source, kill the cells. Alternatively or 
additionally, suppression of insulin output is used to reduce die activity of an implanted pancreas or 
pancreatic portion, to assist in its getting over the shock of transplantation. 

An aspect of some exennplary embodiments of tiie invention relates to controlling the 
propagation of action potentials and/or other parameters of action potentials in islet cells, alternatively 

20 or additionally to controlling parameters of burst activity. In an exemplary embodiment of the 
invention, a pulse, optionally synchronized to individual action potentials in an islet, is used to control 
the action potential, for example to increase or decrease its plateau duration. Alternatively or 
additionally, a reduction in action potential fiequeru^ towards the end of a burst is counteracted, for 
example by pacing the cells to have a desired frequency or to be more excitable. 

25 In an exeii;>laiy embodiment of tiie invention, action potential propagation is controlled, for 

eaomple enhanced or blocked, by selectively sensitizing cn*des^itizing die beta cells in an islet, using 
diemical and/or electrical therapy. Enhanconent of action potential may be useful for increasing 
insulin production rate^ espedally if the ghicose sending medbanism in some cells are damaged. 
Suppression of action potential propagation is usefid for preventiiig insulin production ^n6^oc 

30 enforcing rest 
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An aspect of scnne exanplaiy ohbodimeats of Ifae invention tdates to indiied^ affecting die 
pancreatic activity by changing pancreatic response paiameteis, such as ce^Kmse time to inoeases in 
glucose level and response gain to inoreases in gluoose level. Thus, for example, a non-respoosive 
panoeas can be sen^tized, so that even small dianges in gjucose level will cause an outflow of insulin. 
5 Alternatively, a weak or over-responsive pancreas can be desensitized, so diat it isn't required to 
gen^Bte Qaigp amounts of) insulin for every small fluctuation in blood gluoose level. It is noted fliat 
Ate two treatments can be simultaneously applied to different parts of a single pancreas. 

An aspect of some ex^rtplary embodiments of Ifae invention relates to synchronizing the 
activities of different parts of the pancreas. Such syndironization may take fire foim of all die difia:ent 

10 parts being activated together. Alternatively, the synchronization conqinses activating one part (or 
allowing it be become active) while suppressing other parts of the pancreas (or allowing them to 
remain inactive). In an exemplary embodiment of the invention, the synchronization is applied to 
enforce rest on different parts of the panoeas. Alternatively or additionally, the synchronization is 
provided to selectively activate fast-responding parts of the pancreas or slow responding parts of the 

15 pancreas. 

In an exemplary embodimait of flie invention, synchronization between islets or within islets is 
enhanced by providing pharmaceuticals, for example Connexin, to reduce gap resistance. Such 
pharmaceuticals may be administered, for example, orally, systemically via the blood locally or 
locally, for example via the bile duct In an exemplary embodiment of flie invmtion, such 

20 pharmaceuticals are provided by genetically altering the cells in the pancreas, ibr example usirig 
genetic engineering methods. 

An aspect of some exen^lary ^bodiments of the invention relates to implanting electrodes 
(and/or sensors) in flie pancreas. In an exemplary embodiment of die invoition, the electrodes are 
provided via the bile duct Possibly, a controller, attached to the electrode is also provided via the 

25 bile duct In an ex»iplary mibodiment of the inv^tion, flie implantation procedure does not require 
gen^ anesthesia and is applied using an endoscope. Alternatively, the electrodes are provided 
throu^ the intestines. Possibly, also the device which controls flie electrification of the electrodes is 
provided dirough the intestines. In an exemplary erhbodiment of the invention, fire device remains in 
the intestines, possibly in a folded out portion of die intestines, while the electrodes poke out dsrough 

30 the intestine and into die vicuiily or fiie bo^ of die panoieas. Alternatively, the electrodes may be 
provided througjh blood vessels, for exan^le die portal vein. In an exemplary embodiment of die 
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invention, the electrodes are elongated electrodes widi a plurality of dq^endmt or indqpendent 
contact points along the electrodes. The electrodes may be straight or curved In an exemplaiy 
enibodiment of the invention, the electrodes are potoed into die pancreas in a curved manner, for 
example being guided by the endoscope, so that the electrodes cov^ a desired surface or volume of 
5 the pancaeas. The exact coverage may be determined by imaging^ or by the detection of the electric 
field knitted by the electrodes, during a post implantation calibration step. 

An aspect of some exemplary embodimaits of the invention relates to a panoieatic controller 
adapted to perform one or more of 4ie above methods. Li an exemplary embodiment of the 
invention, the controller is implanted inside the body. An exemplary controller includes one or more 
10 electrodes, a power source for electrifying ttie electrodes and control circuitry for controlling the 
electrification. Optionally, a glucose or other sensor is provided for feedback control. 

Thero is thus provided in accordance vith an exemplary embodiment of the invention, a 
pancreatic controller, conq)rising: 



a power source for electrifying said at least one electrode with a pulse that does not initiate an 
action potential in said ceU and has an effect of moteasing insulin seoretion; and 

a controller which receives the sensed level and controls said power source to electrify said at 
least one electrode to have a desired effect on said level. Optionally, said insulin producing cell is 

20 contiguous with a pancreas and wherein said electrode is adapted for being placed adjacent said 
pancreas. Alternatively or additionally, said controller comprises a casing suitable for long temi 
in^>lantation inside the body. Alternatively or additionally, said electrode is adapted fiir long term 
contact with bile fluids. Alternative^ or additionally, the apparatus comprises an electrical activity 
sensor for sensing electrical activity of said cell and "wdioein said pow^ source electrifies said 

25 electrode at a fi:equenQr higher than a sofised depolarization fiequency of said cell, thereby causing 
said ceU to dq)olarize at the higgler fiiequeiK^y. 



duration of an action potential of said ceU, thereby allowing more caldum inform into ttie cell. 
Optionally, said pulse is deigned to reduce an action potential fi:equency of said cell, while not 
30 rsdudng insulin seaetionfiiom said cdL' 



15 



a glucose sensor, for sensing a level of glucose or insulin in a body serum; 

at least one electrode, for electrifying an insulin producing cell or groiq) of cells; 



In an exmiplary embodiment of the invention, said pulse is deigned to extend a plateau 
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£a an ^enqdaiy fflibodiment of Ifae invention, said pulse is designed to «dend a duration of a 
buist activity of said celL 

In an exemplaiy embodinient of Ate invoxdon, said pulse has an anfilitude sufiBdmt to lecaniit 
non-paiticipating insulin seoi^ing cells of said gcoi^ of cells. 
5 Iq an ex^plaiy embodiment of tiie invention, die apparatus conq>rises at least a second 

decbnode adjacent for electriiying a second cell of groip of insulin secreting cells, >^^ein said 
controller electrifies said second electrode vdfli a second pulse diffoimt from said first electrode. 
Optionally, said second pulse is designed to suppress insulin secretion. Optionally, said controller is 
programmed to electrify said second electrode at a later time to forcefully secrete said insulin whose 
10 secretion is siqqiHessed earlier. Alternatively, said second pulse is designed to hyper-polarize said 
second cells. 

In an exenq^lary embodiment of ftie invention, said controUer electrifies said at least one 
electrode with a pacing pulse having a sufficient amplitude to force a significant portion of said cells to 
dq}olarize, thi2S aligning the cells' action potentials with respect to the non-excitatoiy pulse 
'15 electrification. 

hi an exemplaiy embodiment of the invention, said controller synchronizes the electrification 
of said electrode to a burst activity of said ceU. 

In an exemplary embodiment of the invention, said controller synchronizes the electrification 
of said electrode to an individual action potential of said cell. 
20 In an exemplary CTtibodiment of the invention, said contrails does not synchronizes fhe 

electrtficadon of said electrode to electrical activity of said cell 

la an ^Ken^laiy embodiment of the invention, said controll^ does not s^ly said pulse at 
every action potraitial of said cell. 

Jn an exenqplaiy embodiment of die invention, said controller does not apply said pulse at 
25 every burst acthrity of said cell 

In an exemplary mibodiment of fiie invention, said pulse has a duration of less than a single 
action potential of said cell. Optionally, said pulse has a duration of less ttian a plateau duration of 
said cell. 

la an exaxiplaiy ^bodiment of the invention, said pulse has a duration of longer than a sin^e 
30 action potential of said cell. 
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la an eneraplary mbodiment of fhe invention, said pulse has a ducation of longer dian a burst 
activity duration of said cell 

In an exenq)laiy embodimoit of flie invention, said controller de^mnines said electrification in 
response to a pharmaceutical tieatment applied to die cell. Optionally, said pharmaceutical treatment 
5 coniprises a pancreatic treatment Alternatively or additionally, ^d ccmtroller applies said pulse to 
counteract adverse effects of said pharmaceutical treatment 

In an exemplary embodiment of the invention, said controller ^lies said pulse to 
synergistically interact with said pharmaceutical treatment Alternatively, said controller applies said 
pulse to counteract adverse effects of pacing stimulation of said celL 
10 In an exemplaiy embodiment of the invention, said q>paratus comprises an alert generator. 

Optionally, said controller activates said alert generator if said ghicose level is below a threshold. 
Alternatively or additionally, said controller activates said alert generator if said glucose level is above 
a threshold. 

There is also provided in accordance with an exemplary embodiment of the invention, a 
15 mefliod of controlling insuUn secretion, comprising: 

providing an electrode to at least a part of a pancreas; 

applying a non-excitatory pulse to the at least part of a pancreas, which pulse increases 
secretion of insulin. Optionally, the mefliod comprises applying an excitatory pulse in association with 
said non-exdtatoiy pulse. Alternatively or additionally, the method con[q)rises applying a secretion 
20 reducing non-excitatory in association with said non-excitatory pulse. 

In an exCTiplary embodiment of the invration, fhe method coniprises applying a plurality of 
pulses in a sequence designed to adhieve a desired effect on said at least a part of a pancreas. 

Tbm is finis provided in accordance with an ex^plary embodiii^nt of the invention, a 
pancreatic controUer, con^rising: 
25 at least one electrode ad^ted for electrifying at least a portion of a panoeas; and 

a controller programmed to electrify said electrode so as to positively control at least die 
effect of at least two members of a group consisting of blood glucose level, blood insulin level and 
blood level of anodic pancreatic hoimcme. Optionally, controlling CQn[q)rises modifyiqg said at least 
two membeis simultaneously. Alternatively or additionally, controlling comprises selectively modifying 
30 only me of said at least two members, while at least reducing a causative interaction betweffl said 
two members. Alternatively or additionally, controlling coniprises maintaining at least one of said 
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members within a desired physiologjc range. Alternatively or additionally, said at least two menib^ 
conpnse gjhioose levd and insulin level Optionally, contioUing compises modulatoig an efifect of said 
insulin not related to caiboliydrate noetabolism. 

In an exemplary arabodiment of tbe invention, at least one of said two mmibers oon^rise 
5 glucagqa Optionally, controlling comprises increasing glucagon secretion, to contract an effect of 
insulin. Altemativefy or adklitionally, controlling comprises increasing glucagon semtion, to adiieve 
hig]ier blood glucose levels. Alternatively or additionally, controlling conq)rises reducing fiie seoetion 
of glucagon, v/bsxi insulin secretion is increased 



10 Somatostatin. Alternatively or additionally, at least one of said members comprises gjucose level. 
Optionally, said contrDller selects between alternative control therapies, a therapy that has a least 
disrupting effect on said glucose levels. 

In an exemplaiy embodiment of die invention, said contcoller uses solely electrical fields to 
control said members. 

15 In an exemplaiy embodiment of the invention, said controller takes molecules provided in the 

body, into account, for said control. Optionally, said molecules are provided without a control of said 
controllar. Alternatively, said molecules are provided under a control of said controller. 

In an exemplary embodiment of the invention, said molecules suppress the secretion of at 
least one pancreatic hormone. Alternatively or additionally, wherein said molecules suppress the 

20 effect of at least one pancreatic hormone. Alternatively or additionally, said molecules enhance the 
secretion of at least one panareatic hormone. Alternatively or additionally, said molecules enhance the 
effect of at least one pancreatic hormone. 

In an exemplary embodiment of the invention, contmlHtig a meniber homKxie conqnises 
suppressing a secrotion of an antagonistic hormme. Alternatively or additionally, controlling a 

25 member honiione comprises enhancing a secretion ofan antagonistic hormone. 

In an exenQ)]aiy mnbodiment of the invmtion, said controller conQ)rises a learning msmonf 
module for storing therein feedbadc interaction of said pancreas. Optional^, said feedback 
interactions corrq)rises interactions between hormone levels. Alternatively or additionally, said 
feedback interactions comprises intoactions between hormone levels. Altematively or additionally, 

30 said feedback interactions are dependent on blood glucose levels. Alternatively or additionally, said 
feedback interactions are determined by said controller, by tracking a behavior of said pancreas. 



In an exemplary embodiment of the invention, at least one of said two members comprise 
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Optionally^ said contioller actively modifies at least one of a glucose level and a pancreatic honnone 
levd, to collect feedback InteractiQn infonnation. 

In an esxsanplary esrSjo^msxA of the invention, the controller comprises a sensor for sensing a 
level of said controlled mmiben Altmiativety or additionally, tibe controller conq>rises an estimator 
5 for estimating a level of said controlled member. Alternatively or additionally, said electrode ^plies a 
non-^citatoiy pulse to efifect said control. Altmiatxvely or additionally, said electrode applies an 
exjdtatoiy pulse to effect said control. 

In an exenq>laiy ea[ifl)odimait of ftie invention, said electrode modifies blood flow associated 
wifli said pancreas to effect said control. Optionally, said modified blood flow comprises blood flow 
10 to honnone generating cells of said panansas. Alternatively, said modified blood flow conq)rises 
blood flow fiom said pancreas. 

hi an exemplary embodiment of the invention, said modified blood flow comprises blood flow 
fiom hom[ione generating cells of said pancz^as. 

hi an exenoplaiy embodiment of the invention, said at least one electrode comprises at least 
15 two electrodes that selectively electrify different parts of said pancreas, to achieve a desired control 
of said at least two members. 

hi an exemplary embodiment of the invention, controlling comprises controlling secretioiL 

In an exemplary embodiment of the invention, controlling comprises controlling productu)n. 
Alternatively or additionally, contmlling comprises controlling physiological activity. 
20 There is also i»ovided in accordance with an exemplary embodunent of the invmtion, a 

method of mapping pancreatic behavior of a pancaieas, comprising: 

detmiining a behavior of a pancreas at a first set of conditions; 

determining a behavior of a panoeas at a second set of conditions; and 

analyzing flie bdiavior of the panaceas and the sets of conditions, to delramine a behavior 
25 pattern of flie pancreas. Optionally, said bdiavior pattern conqprises an intmelationship betwem two 
honnones of said pancreas. Alternatively or additionally, said sets of conditions are natundly 
occuning. Altonatively, said sets of conditions are at least partially artificially induced. 

hi an exemplary embodimmt of the invention, the method corrqprises controlling said pancreas 
re^nsrve to said detmnined behavior. Optionally, controlling comprises controlling using 
30 pharmaceuticals. Alternatively or additionally, controlling conprises controlling using electrical fields. 
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There is also inovided m accoxdance wifli an exssnpldiy onbodim^t of tilie invmtion, a 
mediod of conlioUing binst activity of a panoeas, coixqmsing: 

dppfying an electrical field to at least part of a pancreas such tiiat burst activity is initiated a 
few seconds aftar said application; and 
5 jrepeating said application a plurality of times sudi that substantially all burst activity of said 

part of a pancreas dudng a time period spanning said applications is syncfanmized to said qjplication 
and repeated application. Optionally, the method comprises varying a repetition rate of said 
application to control a burst rat of said at least part of a pancreas. 

There is also provided in accordance with an exemplary embodiment of the invention, a 
1 0 method of controlling activity of a pancreas, comprising: 

providing a source of electrical fields; and 

electrifying said source to apply an electric field to at least part of a pancreas, such that said 
applied field increases an amplitude of at least one burst following said i^lication. Optionally, said 
apphed field does not induce a new burst Alternatively or additionally said applied field does not 
15 substantially diange a burst rate of said pancreas. Alternatively or additionally, said increased 
amplitude burst provides an increased level of insulin relative to a nomial amplitude burst 
Alternatively or additionally, the method comprises synchronizing said electrification to a natural burst 
sequence of said at least part of a pancreas. 

BRIEF DESCRIPTION OF THE DRAWINGS 
. 20 Particular embodim^ts of the invention will be described with reference to the following 

description of exemplary mibodiments in conjunction witii the figures, wherein identical stmctures, 
elements or parts which appear in more than one figure are qptionally labeled witti a same or similar 
number in aQ the figures in which they appear, in ^^ch: 

Fig. 1 is a block diagram of a panoneatic controll^, in accordance with an exemplaiy 
25 fflibodimCTt of the invention; 

Fig. 2 is a diagram of an exenq>lary electrical activity of a single beta cell, operating at slightly 
elevated glucose levels; 

Fig. 3A is a flowchart of an exCTiplary control logic scheme, in accordance witfi an 
exemplary embodiment of the invention; 
30 Fig. 3B is a flowchart of another exemplary control logic scheme, in accordance with an 

exemplaiy embodiment of the invention; 
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Fig3. 4A-4D illustrate diifeent types of electrodes that may be suitable for pancreatic 
dectxificatioii, in accordance vAib exmsplwcy embodiments of flie invention; 

Fig. 4£ illustrates an electrode, in Mduch the body of the controUer of 1 serves as at least 
one electrode, in accordance with an exemplary embodiment of the invention; 
5 Fig. 5 illustrates a pancreas subdivided into a plurality of control regions, each region being 

electrified by a diffscent electrode, in accordance with an exemplary embodiment of the invention; 

Figs. 6A and 6B are flowdiarts of implantation methods, in accordance with exemplary 
mibodiments of the invention; 

Fig. 7 is a flowchart of an exemplary method of controller inqjlantation and programming, in 
10 accordance with an exemplary embodiment of the bvention; 

Fig. 8 is a chart showing the effect of electrical stimulation on insulin levels, in sbc animals; 

Fig. 9 is a graphic showing the effect of electrical stimulation on blood ghicose levels, in an 
e?q)eriment in which glucose levels are increased fester than would be expected solely by inhibition of 
insulin secretion; 

Figs. lOA-lOB are a chart and a pulse diagram, respectively, of an experiment showing 
reduction in glucose levels as a result of ^plying an electrical pulse in accordance wifli an exemplary 
embodiment of the invention; 

Figs. IIA-UB are a chart and a pulse diagram, respectively, of an experiment showing 
reduction in glucose levels as a result of applying an electrical pulse in accordance with an exemplary 
20 embodiment of the invention; 

Fig3. 12A-12B are a chart and a pulse diagram, req)ectively, of an expociment showing 
reduction in glucose levels as a result of applying an electrical pulse in accordance wifli an exenq)lary 
embodiment of the invention; 

Figs. 13A-13B are a chart and a pulse diagram, respectively, of an e7q)eriment showing 
25 reduction in glucose levels as a result of sq>plying an electrical pulse in accordance with an exemplary 
mbodiment of the invention; and 

Rg. 14 is a diart showing an ejq)aiment in vMch applying simulation pulses increased the 
amplitude of bursts but did not induce new bursts; 

Figs. 15A-15C are a chart and two enlargements thereof of an experiment showing that a 
30 stimulation pulse syndmmizes burst activity, possibly wi&out immediately genraaling a new buret; 
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HgS. 16A-16C ate a chart and two ^ilaig^ents ttiereof of an exprnment showing new 
burst induction by a stinndation pu^ 

Fig. 17 is a dbart of an eKpenment showing diat a stinoulation in fhe middle of a burst did not 
stop tiie burst; 



Fig. 19 is a chart showing relative constant glucose levels in a perfiised rat pancreas without 
stimulation; 

Fig. 20A is a diart lowing changes in insulin levds with and without stimulation^ in a live 
1 0 mini-pig given sugar cubes to eat; 

Fig 20B is a chart conesponding to chart 20A, showing for (he stimulation case the 
lelationsh^ between glucose level and insulin level; 

Fig, 20C is a chart corresponding to chart 20A, showing for the non-stimulation cases, the 
relationship between glucose and insulin level; 
15 Fig 21A is a chart showing changes in insulin levels with and without stimulation, in a live 

mini-pig given food; and 

Fig. 21B is a diart conesponding to chart 21A, showing blood glucose levels. 
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 
OVERVIEW 

20 Fig. 1 is a block diagram of a panofeatic controller 102, in accordance widi an exemplary 

embodiment of flie inventioa In an exempfaxy embodiment of the invention, device 102 is used to 
provide controlling pulses of electricity to a pancreas 100. Such controlling pulses may inchide 
excitatoty stimulating pulses and non-excitatoiy pulses. In particular, such pulses can include jxtdng 
pulses and action potential modifying pulses. 

25 In an exatnplary embodiment of the invention, the controlling pulses are used to control die 

ghicose and insulin level of a patient Ftirther, a particular desired profQe of glucose and/or insulin may 
be achieved. Alternatively or additional^, flie secretion and/or generation of other pan<»eatic 
homnones nnay be controlled. Other uses of controller 102 will be evident fiom the descriptim below 
and can mchide^ for example, training healing and preventing damage of pancreatic cells. 



5 



Hgs. ISA and 18B are charts showing changes in insulin level apparentiy cau^ by 



stimulation; 
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Exemplaiy and non-limidng exanqples of metabolic and/or lionncnial disorders Aat may be 
treated by suitable application of the mettiods desoibed below, include non-insulin dspendsxA 
* diabetes melUtus>insuimdepa[ident diabetes melUtus and 1q^{^^ 

The following descdption includes many different pulses that may be applied to adiieve a 
5 desiied effect, it should be clear that the scope of the desaiption also covers apparatus, such as 
controller 102 that is programmed to ^ply the pulses and/or process feedback, as required. It 
should also be noted tiiat a desired effect may be adueved by ^plying various combinations of the 
pulses described below, for two different sequences. The particular combinations of pulses diat is 
appropriate for a particular patient may need to be determined on a patient by patient basis and may 
1 0 also change over time. Exemplaiy pulses and sequences, however, are described below. 
EXEMPLARY DEVICE 

Pancreatic controller 102, includes generally a field source 104 for generating electric fields 
across pancreas 100 or portions thereof, which field source is controlled by control circuitry 106. A 
power source 108 optionally powers field source 104 and control circuitry 106. The electrification is 
16 applied using a plurality of electrodes, for exanq)le a common electrode 110 and a plurality of 
individual electrodes 112. Alternatively otha: electrode schemes are used, for example a plurality of 
electrode pairs. 

Electrical and other soisors may be provided as well, for input into controller 106. Although 
the electrodes may also serve as electrical senscxs, in an exaiQ>laiy embodiment of the invention, 

20 separate sensors, siich as a pancreatic sensor 114 or a glucose blood sensor 1 18 on a blood vessel 
120, are provided Extra-cellular sensors, for measuring inter-cellular glucose levels, may also be 
provided Controller 102 may also include an external unit 116, for example for transmitting power or 
programming to control drcuitxy 106 and/or power source 108. Alternatively or additionally, tiie 
external unit may be used to provide indicaticxis fiom a patient and/or sensor information. 

25 Alternatively or additionally, die extfflsal unit may be used to provide alerts to the pati^t, for example 
if the ghicose level is not properly vaader cmtrol. Alternatively or additiorKilly, such alerts may be 
provided &om inside die body, for exanapte using low fiequency sounds or by electrical stimulation of 
a nerve, a muscle or the intestines. 

Additional details of this and other ex^iqslaiy implCTientations will be provided below. 

30 However, the general structure of controller 102 may utilize elements and design principles used for 
other electro-physiological controllers, for example as described in PCT publications WO97/2S098, 
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WO98/10831, WO98/10832 and US patent appUcation 09/^60,769, issued as patent 6;292,693 
the dssclosuies of which are incoipoiated hmin by lefeience. It is noted, however, fbat the 
fiequiencies, power levels and duration of pulses in the pancreas may be difToCTt 6om diose used, for 
example, in the heart In particular, die power levels may be Iowct. Additional^, the immediate 
5 efifects of an enor in applying a pulse to the pancreas are not expected to be as life threatenmg as a 
amilar mor in the heart would be, excepting the possibility of tissue damage, whidi would cause an 
increase in seventy of disease of the patient. 
TISSUE TO WmCH THE CONTROLLER IS APPLffiD 

Hie present invention is described mainly with reference to pancreatic tissues. Such tissue 

10 may be in the pancreas or be part of an implant, possibly elsewhere in the body, or even in flie 
controller envelope itself, the implant comprising, for example, homologous, autologous or 
heterologous tissue. Alternatively or additionally, flie in^Iant may be genetically modified to produce 
insulin. It should be noted that different parts of the pancreas may have dillerent secretion-related 
behavior and/or response to electric fields. 

15 ELECTRICAL ACTIVITY IN THE PANCREAS 

Fig. 2 is a diagram of an exemplary electrical activity of a single beta cell, operating at slightly 
elevated glucose levels. In a large scale graph 130, the activity of a single cell is shown as comprising 
a phirality of burst periods 132 comprising a plurality of individual action potentials and separated by 
a plurality of interval periods 134, in ^diich pmods there are substantially no action potentials. As 

20 shown in a blow-up graph 140, each burst comprises a plurality of depolarization events 142, each 
followed by a rqx>larization period 144. The level of intra cellular calcium increases during ibe burst 
132 and decreases during interval 134. 

The beta cells of a panoreas axe arranged in islets, each such islet acts as a single activation 
domain, .in which, when die gjhicose levels are high enough, a propagating action potential is to be 

25 found. Thus, the aggsegaite electrical activity of an islet is diat of a repeating avraage action potential, 
at a fiequency, of for example, 1 Hz, which generally depends on the propagation time of an action 
potential through the islet During intervals 134, if mcfoj^ of the beta cells share the mtsn/^ the ratire 
islet may be generally silent or contain only sporadic depolarization events. Individual cells may 
qserate at higher fi^equencies, for example, S-20 Hz. Alternatively or additionally, a slow wave may 

30 provide an envelope of about 3-5 cyclesAnin. It should be noted tiiat the synchronization and/or 
correlation between cells in an islet may dqiend on g^p junctions between beta and otiier cells. The 
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resistance or such junctions ni^^ depend on Ate g^oose and/or hormone levels, and as such, may 
also be detmnined and controlled, in accordance with S(»ne «ibodiments of tibe invention. 
Altemativdy or additionally, tte level of synduonization in an islet and/or betwem islets may be used 
as an indicator for glucose and/or hormone levels. 
5 INSULIN SECRETION INCREASE 

The seoBtion of insulin, as difieroitiated fiom the production of insulin, may be ina:eased in 
sevHal ^ys, in accordance with exemplaiy mibodiments of the invention. The following methods 
may be applied together or sq3arately. Also, these methods may be applied locally, to selected parts 
of the pancreas, or globally, to &e pancreas as a whole. 

10 In a first method, the duration of a burst 132 is increased, thus allowing more calcium to mter 

the beta cells. It is believed fliat the level of calcium in (he cell is directiy related to the amount of 
insulin released by the cell. One type of pulse which may be appBed is a pacing pulse, which forces 
the cells in the islet to depolarize. Such a pulse is optionally applied at the same fiiequency as 
individual action potentials, e.g., 10 Hz. However, it may not be necessary to pace every action 

15 potential, a periodic pacing signal may be sufficient to force continuous depolarization events. As well 
known in the art of cardiac pacing, many techniques can be applied to increase the capture 
probability of tiie pacing signal, for example, double pacing, pulse shape and duration. These methods 
may also be applied, wifli suitable modifications, to the pacing of the pancreas. An alternative method 
of inCTcasing bxirst length is by increasing the sensitivity of tiie beta cells to depolarization, for 

20 example, by sub-threshold pulses. Another method of sensitizing the cells and/or inoieasing their 
action potential duration is by hyperpolarizing the cells prior to a forced or normal depolarization. 
Possibly, by prev^ting the normal reduction in depolarization fiequency towards the end of a burst, a 
higih^ insulin ou^nit can be achieved for a same ImgiSi burst 

In anotiier method of increasii^ insulin secr^on is by increasing tiie calcium inflow effid^i^ 

25 of the individual action potentials. In an exemplary embodiment of the invention, this is achieved by 
inoeasing the length of the plateau durations 144, for example by applying an electric pulse during die 
rq)olarization period associated with each of depolarization events 142. If such a pulse is apphed 
eariy enough in the repolarization phase of an action potential, period, prior to dosing of die calcium 
channels that provide die caldum inflow, these charmels may stay open longer and will provide more 

30 calchim inflow. It is noted that the fiequ^cy of firing of foe beta cells may be reduced 
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In some cells, the calcium inflow may be more efficimt during die dq>olarizalion period In 
fliese cells, depolarization period 142 is optionally extmided, for exanq)le by q)plying an additional 
dqx)larizing pulse during Ifae dqx>Iarization or veiy shoidy after. Altranativdly or additionally, a 
pbamtiaceutical Ifaat enhances repolarization may be provided, so tbat die repolarization time is shorter 
5 and more of the duration of a burst 132 can be sp»t in depolarizaticm evmts. Alternatively or 
additionally, a plateau duration can be shortmed by s^Iying a suitable pulse during the plateau. In 
one example, applying a pulse after the calcium channels close, is expected to shorten the 
repolarization time. Alternatively or additionally, Hhe individual action potentials aie paced, at a rate 
higher than normal for the glucose level. This pacing can ovOTide the end of repolarization and force 

10 more frequent dq)olarization events. It is noted that a considerably bigjier pacing rate can be 
achieved by pacing than would naturally occur for same physiological conditions. Possibly, the pacing 
rate is higher than physiologically nonnal for an islet at any glucose level. 

In anoflier method, the insulin secretion is enhanced by pacing the islets to have a higher 
frequency of bursts (as opposed to a higher frequency of action potentials, described above). The 

16 resulting siiortening in intervals 134 may have undesirable effects, for example by maintaining high 
calcium levels in a cell for too long a poiod of time. In an exenq)lary embodimait of the invention, tiiis 
potential shortcoming is overcome by increasing the interval durations, for example, by applying a 
hyper-polarizing pulse during the interval, thus allowing calcium to leak out of the beta cells. It is 
noted however, that in some cases, sustained elevated calcium levels may be desirable. In which 

20 case, the intervals may be artificially shortened. In compensation, die effectiveness of the burst in 
causTQg the secretion of insulin may be reduced. 

A potential adymtagj^ of padng is that the padng signal will cause dqx>laiization and 
associated reoruitment of beta cells that would not otiimvise take part in the activity of the pancreas. 
It is expected that as inlia-cellular calcium levels rise (or some odier contcol medianism), some cells 

25 will cease to participate in electrical activity. By applying a pacing pulse, such cells are expected to be 
forced to participate and, thus, continue to seoet insulia 

Anotiier potential advantage of padng is related to tiie synchronization problem. As can be 
appreciated, some types of controlling pulses need to be applied at a ceartain phase in ttie cellular 
action potential. In a propagating action potential situation, it may be difficult to provide a single pulse 

30 with timing tiiat matcbes all die cells, especially as the depolarization frequency increases. However, 
by fordng simultaneous depolarization of an entire islet, the phases are synchronizsed, making a 
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desirable pulse tuning easiex to adbieve. It is noted, however, that even if tfieie is no pacing, some 
pulses, sudi as for extending a plateau of an action potentials, can be ^lied at a time tihat is eflkctive 
fiir a laige fiaction of die cells in the islet 

Altmiatively or additionally to caldum mediated veside transport, in an exemplary 
5 mibodimrait of die invmdon, die electrical field also diiecdy rdeases insulin fiom die KEP of the cell 
and/br fiom othea: oiganelles in the cell. 
INSULBNf SECRETION SUPPRESSION 

In some cases, for example f the glucose level is too low, suppression of insulin secretion 
may be desirable. Again, the following methods may be q)pli6d together or sq}aiately. Also, as 
10 noted above, different methods may be applied to different parts of the pancreas, for example, by 
difFerentiy electrifying electrodes 1 12 of Fig. 1, thus for example, increasing secretion fiom one part 
of the pancreas while decreasing secretion fiom a different part at the same time. 

In a first method of insulin secretion reduction, the beta cells are hyper polarized, for example 
by applying a DC pulse. Thus, the cells will not respond to elevated glucose levels by dq)olarization 
15 and insulin secretion. It is noted that the applied pulse does not need to be synchronized to the 
electncal activity. It is e^q^ected diat the hyper polarization will last a short while after the pulse is 
tominated. Possibly, only the lengdi of the interval is increased, instead of completely stopping the 
burst activity. 

In a second mediod, the insulin stores of the pancreas are dunked, so that at later times, the 
20 cells will not have significant amounts of insulin available fi>r seaedoa Such dumping may be 
perfi»med fiir example^ with simultaneous piovisicm of glucose or an insulin antagonist, to prevent 
adverse ef&cts. The insulin antagonist^ glucose or otibier phamoaceuticals desaibed heseia may be 
provided in many ways. However, in an exenq)laiy embodiment of the invention, fliey are provided 
by external unit 116 or by an internal pump (not shown) in controller 102. 
25 In a fliird m^od, the plateau durations 144 are shortened, for example by over-pacing the 

islet cells, so that there is less available time for calcium inflow. Altmiattvely, the intra-depolarization 
periods may be extended, by hyper-polarizing the cells during rqiolarization and after the calcium 
diannels close (or forcing fiiem closed by the hyper polarization). This hyper polarization will delay 
the onset of the next depolarization and fiuis^ reduce the total inflow of calcium over a period of time. 
30 Alternatively or additionally, a hyper-polarizing pulse may be supplied during a burst, to 

shorten the burst 
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AFFECTOVG INSULIN PRODUCTION 

Various feedback mechamsms ate believed to link the electrical activity of the cells and 
flie production of insulin. In an exen^laiy embodimait of die invention, these feedbadc medumisms 
are manipulated to increase or decrease insulin production, alternatively or additionally to directiy 
5 controlling insulin seacetion. 

Jn an ex0crq>laiy embodiment of tiie invoation, beta cells are prevented fixHn secr^g insulin, 
for exanq)le, by applying a hyper-i)olaiizing pulse. Hius^ flie intra-ceUidar stores rmain full and less 
insulin is manufiictured (and thus less insulin can readi the blood stream). 

Li an exemplary embodim^t of the invention, the beta cells are stimulated to release insulin. 

10 Depending on the cell, it is expected that if a cell is over stimulated, it becomes tired out and requires 
a significant amount of time to recover, during which time it does not produce insulin. If a cell is under 
stimulated, it is e3q)ected that it will, over time produce less insulin, as it adapts to' its new conditions. 
If a ceU is stimulated enough, it will continuously produce insulin at a maximal rate. 
PANCREATIC RESPONSE CONTROL 

15 In an exemplaiy embodim^t of the inv^tion, rather than directly control insulin secretion 

levels, the reqDonse parameters of the panoeas are modified, to respond differentiy to glucose levels. 
One parameter that may be varied is the response time. Another parameter is the gain (amplitude) of 
the response. In some situations, these two parameters cannot be separated. However, it is noted 
that by providing complete control of the pancreas, many different response profiles can be provided 

20 by controller 102 directiy. 

Iq an exemplary embodiment of the invmtion, the response time of tiie pancreas is increased 
or reduced by blocking or priming the &st-responding portions of the pancareas, in patients that have 
both fast and slow responding portions. Blocking may be adiieved, for example, by partial or 
coniplete byper-polaiizatioa Priming may be achieved, for exan^)le, by applying a sub-threshold 

25 pulse, for exanq>le, just before dqralarization. A pot^tial advantage of such a sub-threshold pulse is 
diat it may use less power than otiier pulses. 

The gain of the response may be controlled, for example, by blocking or by laiming parts of 
the panaceas, to control the total amount of pancreatic tissue taking part in the response. It is noted 
tiiat priming "slow response** cells causes them to act as &st response cells, thereby increasing the 

30 gain of the fast response. In some cases, the priming and/or blocking may need to be repeated 
poiodically, to maintain the sensitivity profile of die pancaeas as described 

25 



Alternatively or additionally, flie senativity of the pancieas may be chanced (or deoeased) 
by siqsporiing (or preventing) the propagation of action potaitials, fi*r exan5>le by providing a suitable 
phannaceuticaL Octonal and Heptonal are examples of phamMcaiticals that decoiq)le g^p junctions. 
In an altmiative embodimait of the invaition, flie seoetioa and/or production ability of part 
5 or all of the panoeas is modified, by controlling the blood flow to and/or fix>m flie panasas. 

It is hypothesis that reducing die blood Bow to the pancreas will reduce the production 
and/or seoetion rate of various pancreatic h(Hmones. 

Altmativdy or additionally, by prevrating honnone ladm blood fiom leaving flie pancreas, 
flie local concentration of the various honoaones inaeases and exhibits a stronger seoetiai enhancing 
10 or inhibiting rffect (as the case may be) for oflier hormones, 
NON-INSULIN CONTROL 

Alternatively or additionally to controlUng flie secretion of production of msulin, the secretion 
and/or production of other pancreatic hormones may be controlled. Exemplary sudi homKHies 
include glucagon. Somatostatin and pancreatic poly-peptide (PP), The levels and/or profile of level of 
15 these hoimones may be controlled while controlling insulin levels or vMe ignoring insulin levds. In 
some embodiments of flie invention, flie homaones may be controlled partially indq)mdenfly of 
msulia 

Some of the pancreatic hormones interact via biological feedback mechanisms, for example, 
an increase in glucagon also increases insulia These interactions may be represented using a set of 

20 equations. In oflier embodiments, a neural networic may be used. In an exemplary embodiment of flie 
mvention, use is made of flie iact fliat flie feedback equations are not linear. Instead, flie equations 
typically include a time delay and different gains for different relative honnonal levels. Furflier, flie 
physiological mechanism may depend cm glucose levels, on nervous simulation, on previous activity of 
flie panoeas and/or <mi various digestive hormone. The particular equations and/or equation 

25 parameter for a particular patient may need to determined for fliat patient, for example by controlled 
experim^tation (e.g., modifyii^ one honnonal levd and tracking flie effect on ofliers) or by 
observation. 

Once flie equations arc known, the control of one hormone may be independent of ottier 
hormones. For example, instead of providing a large incaease in glucagon, which wiU incaease insulin 
30 levels, a smaller increase, over a long period of time, may have a similar effect, wifliout prompting 
glucagon seoetion (whidi would confound the glucose lowering effect of flie insulin). Alternatively or 
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additionally, ttie inaease in ^uca^ (or, oonvrasdy, insulin or olber pancareatic tonnones) is niade as 
a sraies of diort burets, with rest periods between burets. Thus, evra tfaou^ the secreted homone 
perfonns its activity, it does not build tq? in flie blood and/or in flie pamareatic ceU s, to levels v/hidi 
will cause sigoificant secretion of tiie anta^mistic honnone. 

Altanalivdy or additionaUy, phannacewticals may be used to reduce flie sensitivity of one cell 
type relative to ottier ceU types (or to increase the sensitivity), tiius modifying the feedback equations 
and allowing some leew^ in selective control of flie honnones. Altanatively, tiie refuses of flie 
cdls may b e regularized by flie pham[iaceuticals, so all cell types respond in a more unifiMm manner. 
Exemplary phannaceuticals that selectivdy aflFect panaratic behavior, include strq^jtozotodn and 
alloxan, which reduce insulin output ftom b^-ceUs and various drags used for treatment of diabetes. 

Alternatively or additionally, the jAarmaceuticals tiiat are provided block the recqitore fotr die 
hormone to be selectively disabled. Altenafively or additionally, the phamnaceuticals, for exan?)le 
anti-bodies, disable the hormone in the blood stream. 

Exemplary phannaceuticals are described, for example, in J Biol Cbmi 2000 Feb 11; 
275(6):3827-37, Acta Crystallogr D Biol Crystallogr 2000 May; 56 (Pt 5):573-80, Metabolism 
1999 Jun; 48(6);716-24, Am J Physiol 1999 Jan; 276(1 Pt l):E19-24, Endocrinology 1998 Nov; 
139(1 1):4448-54, FEES Lett 2000 May 12; 473(2):207-ll, Am J Physiol 1999 Aug; 277(2 Pt 
l):E283-90, Cur Phann Des 1999 Apr; 5(4):255-63 and J Clin Invest 19998 Apr 1;101(7):1421- 
30, the disclosures of which are incorporated herein by reference. 

Alternatively or additionaUy, as different parts of the pancreas have differait ratios of cell 
types, differential modification of one honnone over other hormones may be achieved by selectively 
stimulating only certain pancreas portions and/or selectively blocking fiie activity of pancreas portions. 

Alternatively or additionally, the response of different cell types to a same electrical field 
stimulation may be different, Ham allowing differmtial control of different honnones. 

A distinction should be noted between controlling hormonal levels and controlling glucose 
levels by causing die secretion of hoitnones. Glucose level control at least prevents the damage to the 
bo^ cause by high or low glucose levels, however, it does not guarantee the availabiUty of glucose to 
flie body cells. Nfaintaining desirable hormone levels, on flie ofli^ hand, can not only maintain glucose 
wifliin a desired rangp, it can also guarantee fliat a suffici^t level of insulin is available so flie body 
cells can i^^y^Qifyiilatft the glucose. Additionally, various desirable bodily effects caused by flie 
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hoimones, such as control of £A and protein metabolism or prevoition of insulin tolerance, can be 
achieved. 

It ^uld be noted» that in some cases what is desirable is a hormone ratio or a temporal 
homione profile, rattier than a simple hormonal value. These effects can be adiieved, foe example, by 

5 temporally varying the control of Ihe hormones. 
EXEMPLARY CONTROL LOGIC 

Fig. 3 A is a flowchait of an exen^laiy control logic scheme 200, in accordance with an 
exenq)lary embodimait of the invention. In this scheme, fiie intensity of pancreatic activity (and 
associated dangers) is increased widi the increase in ghicose level. The various methods of increasing 

10 and decreasing pancreadc activity are desoibed in more detail above or below. Alerts are optionally 
provided to the patient at extreme glucose levels. In addition, the method possibly pref^s to error on 
flie side of causing hyperglycemia, whose adverse eflfects are less critical tiian those of hypoglycemia, 
whose adverse effects are immediate. It is noted than automated control logic for controlling glucose 
levels have been developed previously for insulin pumps and may also be applied for controller 102. 

15 An added ability of controller 102 is to suppress the body's own production of insulin. An added 
limitation whidi controll^ 102 q)tionally takes iisto account is the avoidance of dama^g die 
pancreas by over stimulation. 

In a step 202, the glucose level is determined. Many methods may be used to determine 
glucose level. In an ^miplaiy embodiment of the invention, in cases of hyperglycemia, the 

20 measurement is repeated several times before starting treatment In cases of hypoglycemia, the 
measurements may be repeated few times or not at all, before starting treatment The cycle of 
treatment is optionally repeated every two to five minutes. Alternatively, in oitical situations such as 
hypoglycemia, the cycle is repeated even more frequently. 

If file ghicose level is uncter 60 {mg/dX) (step 204), fiirther insulin production is optionally 

25 suppressed (206) and, optionally, the patient is alerted (208). 

If the glucose level is between 60 and 150 (210), no action is taken, as diese are normal 
glucose levels. 

If the glucose level is between 150 and 200 (212), the action taken depsads on the previous 
action taken and the previous measured glucose level. I^ for example the previous level was higher, 
30 the insulin secretion activity may be maintained or reduced. If , on the other hand the glucose level was 
lower, die insulin seoetion level may be increased. For example, a pulse application ratio of 1:3 
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betwera burst that aie modified and bursts Ibat aro not modified maybe provided if the glucose level 
is now reduced fix)m its previous measurement It should be sqppreciated, of course that the exact 
ghicose levels and pulse parametm used for a paxticular patmt will dependent onl^ on the patient^ 
medical history, but also on tiiat padenf s particular response to flie pulse parameters used. Some 
5 patients may not responds as well as other patients and a more powerful panoeatic activity 
modification schedule used 

If the glucose level is between 200 and 250 (216), die action taken (218) can dep^d on the 
previous action taken for example providing a pulse application ratio between 1:1 and 1:2. 
Alternatively or additionally, the action taken can depend on the degree of change, direction of 
10 change and/or rate of change of glucose levels. Optionally, a model of insuUn secretion, digestion 
and/or efifect on blood glucose level are iised to assess the significance of changes in glucose level. 

If the glucose level is between 250 and 300 (220), an even higher pulse application rate, such 
as 1:1, can be applied (222). 

Glucose levels higher than 300 can be quite dangerous. Thus, if such high rates are 
15 determined, a faster pacing rate, to flie burst or to the individual action potentials (224), may be 
applied Alternatively or additionally, a non-excitatory pulse to enhance secretion is also applied to at 
least some of the pacing pulses. 

If the level is over 400 (226), a bi-phasic pacing pulse for the individual action potentials 
(228) may be provided Such a pulse is expected at its first phase to induce depolarization and at its 
20 second phase to extend a plateau duration sudi that calcium inflow is increased. Alternatively or 
additionally, if not previous applied, control of multiple pancreatic regions may be provided, to 
increase the total portion of the pancreas being used to secret insulin at a higiher rale. 

If the glucose level is over 500 (^0) emergency measures may be required, for example 
alerting the patient or his plqrsician (232) and dumping all available insulin in tiie pancreas (234). A 
25 store of avaibble insulin may be maintained in die paricieas or in device 102 (or an associated insulin 
pump) for just these cases. 

It should be noted the above metiiod is only exemplary. For example, tiie exact action at 
eadi may be modified, as can be the mixture of actions, the pulse paxametm and the delays befi)re 
changing action. 

30 This control mediod utilizes delayed closed loop control circuits. Altmiatively, open-loop 

circuits, which are similar to conventional glucose level managmient, ma/ be provided hi such a 
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loop, die amount of insulin ou^ut from a particular pulse application is known and is applied 
responsive to an infiequent measurement of the ghioose level, for exanqile usixig a blood test Periodic 
glucose level testing may be applied to detect failed conttol. Intermediate control loops, control 
circuits having a smaller delay and combmed control loops (having both qpen loop and closed loop) 

5 nos^beused in other exemplaiy embodim^ts of flie invaition. 
LONG TERM AND SHORT TERM CONSIDERATIONS 

When applying electrification pulses in accordance witti exemplary embodiments of the 
invention, both short temi and long t^ntn effects are optionally tBkea into considmtions. Short tmn 
effects, inclmle, for example ^ects on of insulin searetion and production. Long tenra effects include, 

10 for exan^le, effects on tissue viability and capability and electrode polarizatioa 

As will be described below, long temns effects may be negative, such as cell death, or 
positive, such as training or promoting healing. 

Polarization and encrustation of the electrodes are optionally avoided by using ionic 
electrodes and applying balanced pulses (widi substantially equal positive and negative charges). 

15 Alternatively, special coated electrodes, such as those coated wifli Iridium oxide or titanium nitride, 
may be used Alternatively or additionally, relatively large electrodes may be used The balancing may 
be on a per pulse basis or may be spread over several pulses. 

hi an exemplary embodim^t of the invention, controller 102 stores in a memory associated 
therewith (not ^own) a recording of the glucose levels, the applied electrical and/or pharmaceutical 

20 control, food intake and/or the effect of the appUed control on electrical activity of the pancreas 
and/or effects on the blood glucose level. 
CELLULAR TRAINING 

In an exemplary enibodiment of the invention, flie applied electrification and/or 
pharmaceutical profiles are used to modify the behavior of isl^ cdls, m essmce, training the cells to 

25 adapt to cealain conditions. It is expected that slightly stressing a beta cell will cause the cell to 
compensate, for example by «darging ch: by causing new beta cells to be produced. Sudi 
leg^mtion mechanism are known to exist, for exanq)le as described in "Amelioration of Diabetes 
Mellitus in partially Dq)ancreatized Rats by poly(ADP-ribose) syndietase inhibitors. Evidence of Islet 
B-cell Regenaation", by Y Yonemura et al, in Diabetes: 33(4):401-404, April 1984, the disclosure 

30 of whidi is incorporated herein by refer^ce. Over stressing can kill the cell. Thus, the level of stress 
fliat enhances the cells* operation may need to be determined by traO and error for each patient In an 
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eausxnphiy embodiment of tbe invention, ttie trial and eixois are p^rfinmed on different paits of the 
pancreas, optionally with a bias to under-stressing rather than for ov^ stressing. In an exGoxphay 
embodimmt of the invention, ov^ stressing is detennined fay a madoed reduction in insulin ouQmt or 
by reduced or afanomial electrical response. 



trained to be semitive to lower glucose level, by exciting it more fiequendy and/or «citix% it at times 
of subtly elevated glucose levels. 

In an exenq)laiy embodiment of the invention, sudi training pulses are applied in combination 
with phamiaceuticals aimed to cause regeneration or healing. 



shape in a patient temporarily taking insulin, or to support a cell that is rectq[)eiating, for exani^le fiom 

a toxic material or &om the onset of diabetes. 

ADDITIONAL EXEMPLARY LOGIC 

Fig. 3B is a flowchart of another exemplary control logic scheme 240, in accordance with an 
15 exemplary embodiment of the invention. Fig. 3B is similar to Fig. 3 A, however, a lower degree of 

discrimination between glucose levels is shown in Fig. 3B, for clarity presentation. The reference 

numbers in Fig. 3B are 40 more Oian for corresponding elements in Fig. 3A. 

Fig. 3B illustrates controlling hormonal levds, inoeasing glucagon secretion and selecting a 

treatment protocol or parameter based on the effect on pancreatic hormones other than insulin. 
20 In response to a glucose level sensing (242), if the level is low, presentEag hypoglycemia, 

insulin seczetion is optionally sippressed (246). Alternatively or additionally, g^cagon secretion is 

increased (245). 

If the ghicose levels are normal (250), an additional test is optionally perfonned, as to 
whether die hormonal levels are nonnal (251). Jn an exemplary embodiment of the invention, die 

25 hormone levels (e.g., insulin and/or glucagon) are directly measured using suitable sensors, for 
example fib^ optic sensors or limited use diemical assay sensors. Altmiatively or additionally, tiie 
levels are estimated based on tiie variiation m blood ghicose levels and/or electrical activity of tiie 
pancreas. If hormone levels are too low, tiiey are incased (253). Possibly, if the hormone levels are 
too high, stimulation is stopped and/or even suppressed (not shown). Possibly, a control logic similar 

30 to tiiat of Figs. 3A and 3B is pronq)ted by a sensing of hcnmone levels. 
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Altemativety or additionally, a pancreatic cdl insensitive to medium ghicose levels may be 
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It is noted that training and activation profile matching can also be used to maintain a cell in 
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Skipping elements 252 fiuou^ 258, vriiicfa are the same as In Fig. 3 A, if tiie gihicose level is 
high and a last response is desixed, a test is made as to M^iich one of a plurality of available treatments 
and/or treatment parameters is preferred (260). One issue is vAAdi treatment will cause fiie secretion 
of glucagon, which seoetioa will confound the desired glucose ledudsig effect 
5 In any case, if after a suitable time delay the ^cose levels have not gone down (266) more 

drastic treatment is applied 
PULSE SHAPES AND PARAMETERS 

The range of pulse forms that may be applied usefully is very wide. It must be noted feat the 
response of the cells in different patients or of different cells in a same patient, even to same pulses, is 
10 expected to differ considerably, for example due to genetics and disease state. Also, the conduction 
of electrical signals in the vicinity of the pancreas is affected by the irregular geometrical form of die 
pancreas and the layers of fat surrounding it These isolating layers may require the application of 
higher than expected amplitudes. 

It is also noted tha^ at least for some embodiments, the application of the pulse is for affecting 
15 a ceitam portion of the pancreas and not the entire pancreas. 

The lack of significant propagation of action potentials fix>m one islet of the pancreas to 
another may require a relativdy uniform field in the part of the pancreas to be affected. However, 
conq[>letely uniform fields are not required as any edge eflfects are contained only to the islets with the 
intemiediate electric field strengths and/or because it is expected that the cell behavior does not vary 
20 diaiply with the sailed amphtude, excqpt pedi^ at obtain threshold levds. 

Furdier, the beta ceOs' behavior may be dependent on glucose level, on cellular insulin 
storage level and/or on previous activi^ of the cells. Unlike cardiac cells, wUch operate continuously 
and typically at a limit of their ability and/or oxygen usage, normal pancreatic cells are provided widi 
long rests and are operated at sulMnaximal levels. 
25 A first parameter of the pulse is whether it is AC or DC. As the pulse may be applied 

pmodicaQy, the term DC pulse is used for a pulse Haat does not alternate m amplitude considerably 
during a single supplication, while an AC pulse does, for example having an intrinsic ^xqamcy an 
order of magnitude greater ttiat 14)ulse duratiorL M an ^m^lary embodiment of the invention, DC 
pulses or pulses having a small number of cycles per application, are used. Jn diis usage, a pulse that 
30 is syndironized to a burst is considered AC if it alternates in an^Iitude, for exanq)le tea times over the 
burst duration, even thougji this fisquency is actually low^ than the acdon potential fi^equency. If, 
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conversely, flie pulse is a square pulse syndinmized to Ifae individual action potratials, it Avill be 
considered a DC pulse, for diis discussion, althougjb its actual fiequency is higher than the AC pulse. 

Exemplaiy frequencies for AC pulses applied to bursts are between 1 and 1000 Hz and for 
AC pulses applied to action potentials, betv^eoi 20 and 2000 Hz. Optionally, Ifae AC frequencies are 
5 between 50 and 150 Hz. 

Various pulse durations may be used. An advantage of a DC long duration pulse is the lack 
of transients that might inadvertently affect oflier tissue. Such a pulse is expected to be usefid for 
hyper-polarization of cells and, thus, may last for several seconds or even minutes or hours. 
Optionally however, very long duration puls^ are intemq>ted and possibly, their polarity switched to 
10 prevent adverse effects such as tissue polarization near the electrodes or over-polarization of the 
target tissue. 

A pulse for affecting a burst may last, for example, between 1 ms and 100 seconds. 
Exemplary durations are 10 ms, 100 ms and 0.5 seconds. Long pulses may be, for example 2 or 20 
seconds long. A pulse for affecting a single action potential i^viU generally be considerably shorter, for 
15 example being between 10 and 500 ms long. Exemplary durations are 20, 50 and 100 ms. However, 
longer pulses, such as 600 or 6000 ms long may also be applied. 

In AC pulses, various duty cycles can be used, for example 10%, 50%, 90% and 100%. The 
percentages may reflect the on/off time of the pulse or Ihey may reflect the rdative cbar;^ doosities 
during fiie on and off times. For ^cample, a 50% duty cycle may be providing, on flie average, 50% 
20 of the maximum diarge flow of the pulse. 

A pulse may be unipolar or bipolar. In an exemplary embodimmt of the inv»tion, balanced 
pulses, having a total of zqdd charge liansf^, are used. Alternatively, howev^, the balancing may also 
be achieved over a traui of pulses or over a longer p^od. It is e^qiected that at least for some pulse 
effects, tiie islets vtdll act independently of &e polarity of Ifae applied pulse. However, dianges in 
25 polarity amy stiD have desirable effects, for exaxx^le by creating iornccu^ 

Diffosnt pulse envelopes are known to ints:act wifli cell membranes in different ways. The 
pulse envelqpe may be, for exanqile, sinusoid, triangular, square, 0q}onential decaying, bi-phasic or 
sigmoid. The pulse may be symmetric or asymmetric. Optioi^y, the pulse envelope is selected to 
take into account variations in tissue impedance during the pulse application and/or effici^icy and/or 
30 simplicity of flie power decttonics. 
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Ibi an exeiiq>laiy embodiment of die inmitioD, Ate pulse cunent is oontioQed. for exan^le to 
lemain wiOiin a lange. Alternatively or additionally, the pulse volta^ is conlxolled, for waajple to 
x^nain vnfim a langa AltetDatively or additionally, bodi cucr^t and voltage ate at least partly 
oontaoUed, for example maintained in caiain ranges. Possibly, a pulse is defined by its total diaige. 

5 Different types of pulses will genially, but not necessarily, have difimnt amplitudes. The 

diffeient effects of the pulse may also be a function of the cdl activity phase and especially the 
sensitivity of the cell to electric fields at the time of application. Exemplary pulse amplitude types axe 
sub-threshold pulses fliat affect die depolarization state of the cell and channel affecting pulses. These 
pulses are non-limiting examples of non-excitatory pulses, which do not cause a propagating action 

10 potMitial in the islet, either because of absolute low amplitude or due to relative low amplitude 
(relative to cell sensitivity). An islet cunient of S pA is suggested in the Medtronic PCI publication, 
for stimulating pulses. 

Pacing pulses definitely cause a propagating action potential, unless the pacing pulse captures 
all flie cells in die islet, in whidi case there may be nowhere for the action potential to propagate to. 
15 'T>efibrillation*' pulses are strongs than pacing pulses and cause a rest in the electrical state of 

the affected cells. 

Pore forming pulses, for example high voltage pulses, create pores in the membrane of the 
afifected cells, allowing calcium to leak in or out and/or allowing insulin to leak out 

The above pulse types were listed in order of increasing typical amplitude. Exemplary 
20 aiqplitudes depend on many factors, as noted above. However, an exeniplary pacing pulse is 
between 1 and 20 mA. An exemplary non-exdtatoiy pulse is b^ween 1 and 7 mA. A sub-thre^old 
pulse may be, for example, between 0.1 and 0.5 mA. It is noted that die lade of exdtation may be 
due to the timing of s^lication of the pulse. 

Simple pulse forms can be combmed Id form complex pulse Shapes and especially to form 
25 pulse trains. One example of a pulse train is a double pacing pulse (two pulses separated by a 20 nos 
delay) to ^isure capture of a pacing signal. 

Another example of a pulse train is a pacing pulse followed, at a short delay, by a plateau 
extending pulse and/or ofiier action potential control pulses. Thus, not only is padng forced, possibly 
at a higher than normal rate, but also fbe effectrv^ess of eadi action potential is increased. The delay 
30 between the pacing pulse and the action pot^tial control pulse can depend, for exanq)le, in the shape 



34 




015/02923 

of Ae acdon potential and especially od die tuning of opoung and dosing of Ibe difikoit ionic 
dbannels and pumps. Exemplaiy delays aie 10, 50, 200 and 400 ms. 

In some embodim^tits of the invoition a graded pulse is applied. A first part of the pulse 
blocks first cells txxm responding to a second part of the pulse. Such a pulse may be used, for 
5 exaii^>le, to difi^sntiafB between difiermt cdl types, between cells having different stimulation levels 
and/or between cells having a fast response and cells having a slow response. The exact behavior of 
such a pulse and/or suitable parameters may be determined during a training stage, described with 
reference to Fig. 7, below. 
PULSE TIMINGS 

10 Not only are various pulse fonns contemplated, also difiaient variations in their periodicy are 

contemplated. 

A first consideration is whedier to synchronize an excitatory and/or a non-excitatory pulse to 
the pancreatic activity or not If flie pulse is synchronized, it can be synchronized to ftie activity of 
particular cells or islets being measured. As noted above, a pacing pulse to the pancreas can force 
15 synchronization The pulse may be synchronized to individual action potentials and/or to burst activity. 
Within an action potential, the pulse can be synchronized to different features of the action potential, 
for example the depolarization, plateau, rq>olarization and quiescent period before dq)olarization. 
Not all action potentials will exhibit exactly these features. 

Within a burst, a pulse may be synchronized to ttie start or end of the burst or to dhanges in 
20 die burst envelope, for exarqple, significant reductions in the action potential fi^equency or amplitude. 

As used herein, syndmmization to an event includes being applied at a delay relative to tiie 
event occurring or at a delay to whai the event is expected to occur ^positive or negative delay). 
Such a delay can be constant or can vary, for example being depends on the action potential or &e 
burst activity. 

25 The pulse may be ^lied at eveiy event to whidh it is ^chronized for example ev^ action 

potential or eveiy burst Alternatively, pulses are qyplied to fewer tiian all events, for example at a 
ratio of 1:2, 1:3, 1:10 or 1:20. An exacnplary reason for reducing flie pulse application ratio is to 
prevent overstressing the beta cells and causing cellular degeneration, or to provide finer control over 
secretion rate. 
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III some pulses^ a significant paiamet^ is the 6ocf[xaicy of plication of tbe pulse (as 
diffixentiaied 6asa the fiequenc^ of anqplitude vanatioos in a single pulse). Exssnphry fisqu^es 
range from 0.1 HZ to 100 Hz, depmding on Che type of pulse. 

In an exemplaiy embodiment of Hxe invention, the pulse parameters depend on the islet or 
5 cellular electrical and/or physiological state. Such a state may be detmnii^ for exanople using 
suitable saisois or may be estimated from a global stale of the glucose level 
SENSORS 

Many types of sensors may be usefully applied towards providing feedback for controller 
102, including, for example: 

10 (a) Glucose sensors, for example for determining the actual gjucose level and providing 

feedback on the effects of the pancreatic treatment Thus, for example, in a patient with weakened 
pancreatic response, the pancreas will be stimulated to secrete more insulin v^en the glucose levels 
are too high. Many types of glucose sensors are known in the art and may be used for the purposes 
of the present invention, including, for example optical, diemical, ultrasonic, heart rate, biologic (e.g., 

15 encapsulated beta cells) and electric (tracking beta cell and/or islet electrical behavior). These sensors 
may be inside the body or outside of it., connected to controller 102 by wired or wireless means, be 
in contact with the blood or outside of blood vessels. 

(b) Digestim sensors^ for example for detecting the ingestion- or upcoming intake- of meals, 
and, for scan^le, prompting the production of insulin or increase in ceU s^fisitivity. Many suitable 

20 sensors are known in the ar^ for ^cample impedance sensors that measure the stomach impedance, 
acceleration sensors that measure stomadi or intestines movemrats and electrical s»sors diat 
measure electrical activity. Digestion sensing cells are inhermtly problematic if they do not provide a 
measure of ghicose actually ingested. Optionally, diey are used in combination with other sensors 
and/or only if the digestion system is activated in a profile matdiing eating, for exanq^Ie a long duration 

25 activation or acti^^n tiiat advances along ibe di^stive system. In an exomplaiy embodiment of the 
invention, stimulation during the digestion may be stopped, to at least some parts of the pancreas 
(e.g, ones comprising fewer islets), to avoid interfering witii other cell types in the pancreas, for 
example those fliat produce digestive juices. Alternatively or additionally, the explication of 
stimiilation in g^eral may be optimized to reduce intsiaction w&h non-beta cells, for example alpha 

30 cells. As alpha cells generate glucagon, tiieir stimulation may be ddermined by tracking soiun 
^cagon levels. 
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(c) Pancreatic activity sensors, for exanq>le electrodes coupled to die ^tiie panaceas, small 
parts of it, individual islets) or individual ceQ(s) in an islet Such sensois are useful not only fiir 
providing feedback on ttie activity of 4ie pancreas and whetb^ the qiplied pulses had a desired 
electrical (as opposed to glucose-) effect, but also for syndironizing to flie pancreatic electrical 
5 activity. 

{d) Calcium sensors, both for intracellular spaces and for extra-cellular spaces. As can be 
appreciated, measuring calcium inside a cell may affect the behavior of &e celL In an exen^laiy 
embodiment of the invention, only one or a few ceUs are used as a sample for the state of the otiier 
cells. An exemplary mediod of intracellular calcium measurement is to stain the cell with a calcium 
10 sensitive dye and track its optical characteristics. It is noted that both intra- and extra- cellular calcium 
levels may affect the electrical and secretary activity of beta cells. 

(e) Insulin sensors, of any type known in the art may be used to measure flie response of a 
singje islet, the pancreas as a whole and/or to determine blood levels of insulin. 

(f) Sensors for oiber pancreatic hormones, for example, for glucagon and/or Somatostatin. 
15 As will be mentioned below, in some cases the levels various pancreatic hormones may be estimated 

based on changes in blood glucose levels, which changes correspond to previously observed changes 

during which tiie hormone levels were measured. 

The measurements of (he above sensors are optionally used to modify the pulse parameters 

or pulse ^plication regime. Alternatively or additionally, the sensors are used to trade the response 
20 to tiie regime and/or lade of application of pulses, or for calibration. 

DijQfermt sensing rpgiments may be use, including continuous sensing, and periodic sensing. 

Some sensors may provide a Sequent measurement, for example every few seconds or minutes. 

Other smsoTS may be consid^ably slower, for example taking a measurement every ten mirmtes or 

hour. If only a periodic measurment is required, the measurement may be an average over the time 
25 between measurements or it may be an average over a shorter time or an instantaneous value. In 

some cases a long tran integrative sensing, for exarrq>le of total insulin production, is desirable. A 

one-time diemical sensor may be suitable for such integrative soising. 

TYPES OF ELECTRODES 

The electrodes used may be single functionality electrodes, for exanq>le only for pacing or 
30 only for non-excitatory pulses. Also, differmt ^es of non-radtatory pulses, such as hyper- 
polarization and plateau extension pulses, may use different types of electrode geometries. 
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Altffiiadvely, a combination electrode, con^rising both a pacing portion and a pulse applicati(xi 
portion, may be provided. The different t>^es of electrodes may have different shapes, for example 
due to the pacing electrode being designed fer ei&cknoy and die pulse electrode being designed for 
field unifbimity. The two electrode functions may share a same leader thmi may use different leads. 
5 Alternatively, a single electrode form is used for both pacing and non-excitatory pulse application. 

Figs. 4A-4D illustrate different types of electrodes that may be suitable for pancreatic 
electrification, in accordance with exemplary embodiments of the invention. 

Fig. 4A illustrates a point electrode 300 having a single electrical contact area at a tip 304 of 
alead302fliereof 

10 Fig. 4B illustrates a line electrode 306 having a plurality of electric contacts 310 along a 

length of a lead 308 flieieof. An advantage of wire and point electrode is an esqpected ease in 
implantation using endoscopic and/or other minimally invasive techniques. In an exemplary 
embodiment of the invention, mult^le wire electrodes are implanted. 

Fig. 4C iltusliates a mesh electrode 3 12, including a lead 314 and having a plurality of contact 

15 points 318 at meeting points of mesh wires 316. Alternatively or additionally, some of the wire 
segments between meeting points provide elongate electrical contacts. 

Each of the contact points can be made small, for ^cample slightiy largpr flian an islet 
Al^natively, larger contact areas are used. In line electrode, eKismplary contact areas are 0.2, 0.S, 
1 , 2 or S mm long. In some oxibodiments of &e invention, smaller contact areas than used fi>r cardiac 

20 pacemak^rnay be suitable^ as snoaller fields may be sufiSdrat 

In some onbodiments, volume excitation of the pancreas is desired. Fig. 4D iUusbates various 
volume excitation electrodes. A plate electrode 320 includes a plate 322 that can simultaneously 
excite a large area. A ball electrode 324 includes a ball shaped contact area 326, with aradius of, for 
example 2 or 4 mm, for exdting tissue surrounding ball 326. A hollow volume electrode 328, for 

25 example, includes an op^n volume contact area 330, for example a mesh ball or a goblet, vduch cane 
be used to exdte tissue in contact with any part of ball 330, including its interior. Anotiier possibility is 
a coil electrode. Optionally, the coils have a significant radius, such as 2 or S mm, so Ifaey enclose 
significant panoneatic tissue. It is noted tiiat volume (and other electrodes as well) electrodes may 
enconq>ass a small or laige part of the pancreas or even be situated to electrify substantially all the 

30 insulin producing parts of the pancreas. 
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Any of the above electrodes can be imq)oIar or bipolar. In bipolar embodimaits, a sbgle 
contact area may be spilt or the bi-polar activity may be exhibited between adjacent contact points. 

In addition, die above multi-ccHitact point electnodes may have all die contact points shotted 
together. Alternatively, at least some of the contact points can be electrified separately and, 

5 optionally, indqiendendy, of odier contact points in a same electrode. 

Electrical contact between an electrode an the pancreas can be enhanced in many ways, for 
example using porous electrode, steroids (especially by using steroid ehiting electrodes) and/or oflier 
technique known in the art The type of electrode may be any of fliose known in die art and 
especially those designed for long term electrical stimulatioa 

1 0 Fig. 4E illustrates a different type of electrode, in which a casing 332 of controller 102 serves 

as one or multiple electrodes. Casing 332 may be concave, convex or have a more complex 
geometry. Possibly, no external electrodes outside of casing 332 are used Optionally, casing 332 is 
then made concave, to receive the pancreas. Alternatively, at least a common electrode 336 outside 
of controller 102 is provided Alternatively or additionally, casing 332 of controller 102 serves as a 

15 common electrode. In an exemplary embodiment of the invention, a plurality of electrodes 334 are 
formed in casing 332. The electrode types can be any of fliose described above, for example. 
Optionally, but not necessarily, electrodes 334 stick out of casing 332. In an exemplary embodiment 
of the invention, controller 102 is placed in contact with pancreas 100, as an electrically insulating 
layer of &t usually enc£^sulates the panoreas. Optionally, the geometry of casing 332 is made to 

20 conform to the sh^ of die pancreas, thus assuring contact with the pancreas and minimal trauma to 
die panosas by the irqplantaticm. Optionally, a flexible or multi-part hinged casing is provided, to 
better confiirm die casing to die pancreas. 

The electrodes can be fixed to die pancreas in many means, idchiding, for example, using one 
or more sutures or c^ps, providing coils or roughness in the electrode body, using adhesive or by 

25 impaling die pancreas or nearby tissue. An electrode may include a loop, a hole or other stmcture in it 
for fixing the suturo or clq> diereto. It is noted diat the pancreas does not move around as much as die 
heart, so less resilient electrode and lead materials and attachment mediods may be used 

Various combinations of die above electrodes may be used in a single device, for ^mmple a 
combinaticm of a mesh electrode underneath the panoeas and a ground needle electrode above die 

30 pancreas. Such a ground electrode may also be inserted in nearby stmctures, such as the abdominal 
muscles. 
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As described below, the pancreas may be controlled as plurality of controlled regions. A 
single electrode may be shared belweai several regions. Altmiatively or addrtronally, a plurality of 
di£feient dectrodes may be provided for tfie different regions or even for a single region. 
PANCREATIC CONTROL REGIONS 

5 Fig. 5 illustrates a pancreas subdivided into a plurality of control regions 340, each region 

being electrified by a diflferent electrode 342. Control regions 340 may overlap (as shown) or they 
may be none-overlapping. Possibly, the entire pancreas is also a control region, for example for 
insulin secretion si^pression. Althoi^ a significant percentage of the pancreas is optionally 
controlled, for example 10%, 20%, 40% or 60%, part of the pancreas may remain uncontrolled, for 

10 example as a control region or as a ^fety measure. The number of control regions can vary, being for 
example, two, three, four, six or even ten or more. 

Ctoe possible of diiFerent control regions is to allow one part of the pancreas to rest while 
anothCT part is being stimulated to exert itself. Another possible use is for testing differcnt treatment 
protocols on different regions. Another possible use is to provide different control logic for parts of 

15 the pancreas with different capabilities, to better utilize diose regions or to prevent damage to those 
reasons. For example, different pulses may be applied to fast responding or slow responding 
portions. In addition, some parts of the pancreas may be more diseased than other parts. 

Optionally, flie density and/or size of the electrodes placmient on the pancreas (and 
independsDtly controllable parts of the electrodes) varies and is dependent, fen: example, on flie 

20 distribution and doosity of islet cells in the panoneas. For example, a more densely populated section 
of the pancreas may be provided with finer dectrical control. It is noted that the distribution may be 
the onffml distribution or maybe the distribution a^r the pancreas is diseased and some of tiie cells 
died or were damaged. 

As noted above, different parts of the pancreas may produce diffmnt types and/or relative 
25 amounts of various hormones. Thus, selective spatial control may be utilized to adiieve a desired 
honnone level and/or mix. 
IMPLANTATION METHOD 

The implantation of controller 102 can include implantation of electrodes aud implantation of 
the controller itself Optionally, flie two implantations are perfomied as a sir^e procedure. However, 
30 it is noted that each irnplantation has its own diaractmstics. Inq)lanting a small casing into the 
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stomadi is a weU-known tedmique and may be perfbnned, for example using a kqpiDScqTe, using 
opea smgeiy or using kejiiole smgjBiy. 

Implantation of electrodes in the pancreas is not a standard procedure. Optionally, elongate, 
' uncoiling or unfolding electrodes are used so ^tdectnKleinq>lan^ 

.5 In an exemplaxy enibodimoit of flie invmtion, die electrodes are implanted using a 

laproscopic or endoscopic procedure. Optionally, also controller 102 is inserted using a laproscope 
or aidoscope. In an exemplary embodiment of the invention, ftie geometry of controller 102 is that of 
a qdinder, so it better passes through an endoscope (flexible, relatively narrow diameter tube) or a 
laproscope (rigid, relatively large diameter tube). Alternatively, controller 102 is io^lanted sq)arately 

10 fiom the electrodes. In one example, the electrodes are implanted with a connection part (e.g., wire 
ends) of the electrodes easily available. A second entry woimd is made and flie controller is attached 
to the connection parts. Possibly, the electrodes are implanted cormection part first Alternatively, 
after the electrodes are implanted, the endoscope is retracted, leaving the connection part in the 
body. 

15 Figs. 6A and 6B are flowcharts of inqplantation methods, in accordance with exemplary 

raibodiments of the invention. 

Fig. 6A is a flowchart 400 of a bile duct a|q)roach. First, an endoscope is brought to a bile 
duct, for example through the stomach (402). The endoscope then enters the bile duct (404) for 
sample using methods known in the art As shown, the endoscq)e may travel though the bile ducts 

20 along the panoieas. Alternatively, the electrodes may be provided by a catheterization of the splenic 
artery or vein. Altonatively, the portal vein may be cadiderized, for example via a laproscopic 
opening in the abdomen. The electrodes are implanted in, or alongside, the pancreas, fiir exanq>le in 
the blood vessels or die bile ducts, the pan^eas being an elongated gland (406). In an exemplaiy 
embodiment of die invention, die endoscope (or an extension thereof) is first advanced to die &r end 

25 of die pancreas, the electrodes are attached to the panadas and then the endoscope is retracted, 
leaving the electrodes bdhind. Altmiadvely, the electrodes may be advanced out of the pancreas, by 
themselves or using a relative rigid and/or navigable jadket OpdonaUy, but not necessarily, imaging 
techniques;, sudi as li^t, ultrasound or x-ray imaging, are used to trade the electrode and/or (he 
endoscope. The imaging may be fiom outside die body or fiom inside the body, fi>r example fiom die 

30 tip of the endoscope. 
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Any damage to body structures is optionally repaired during endoscope/cafheter ruction 
(408). Alternatively, oflier atrial and/or venous tectmiques may be used In some teduuques, 
controIlCT 102 is implanted and flien tbe electrodes are guided along or inside a blood vessel or oflier 
body structure to the pancreas. 

In bile duct implantation, a special coating may be provided on flie electrode or leads» to 
protect against the bile fluids. The contact part of the electrode may be embedded in tissue to prevent 
bile fluid damage thereto. 

Fig. 6B is a flowchart 420 of an alternative inq)lantation method. An endoscope is advanced 
to the duodenum or other part of the intestines adjacent the pancreas (422). Electrodes are extended 
ftom the intestines into the pancreas (424), while controller 102 remains in the intestines. The 
electrodes may also extend part way along the inside of the intestines. Electrodes on the far side of 
flie pancreas may be implanted from a diiFeraat part of the intestines or they pass through the 
pancreas. Alternatively, also the controller is pushed out through a hole formed in the side of the 
intestines. Alternatively, the controller is enclosed In a pocket of the intestines, the pocket optionally 
fonned by suhiring or clipping together part of flie intestines. Alternatively, the controller is attached 
to the intestines, for example using clips or using sutures. Any damage to flxe intestines may then be 
repaired (426). 

As noted above with ref»:ence to Fig. 1, controll^ 102 may be a wireless device, wifli the 
control circuitry separate from the electrodes. The electrodes can have individual power sources or 
Ihey may be powered (or recharged) using beamed power. 

hi an alternative embodiment, ccntroll^ 102 is a multi part device, for exanq>le comimsing a 
plurality of mini-ccmtrolleis, ^db. mini controller controlling a dif&acmt part of the pancreas. The 
activities of the mini-controllers may be synchronized by communication between the controllers or by 
a master conlrolla-, for example in the separate, possibly extmial unit 116. Unit 116 may diiecdy 
synchronize flie mini controllers and/cnr may provide prpgramining to cause them to act in a 
synchronized manner. An exiranplaiy geometry for a mini-controller is fliat of two balls connected by 
a wire. Eadh ball is an electrvsde, one ball contains a power source and the other ball contains control 
dicuitiy. Q»nmunication between the mini controllers may be, for example using radio waves, 
optionally low frequency, or using ultrasound Suitable transmitter and/or receiver elmients (not 
shown) are q)tionalIy provided in the mini-controllers. 
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Alternatively to an inqilanted controller, tbe controller may be external to the body vnSi ttie 
electrodes being inserted pociitaneoiisly to tiie pancreas, or even lemaining cm the out side of die 
bod^. Altemativety, Ibe conftnoUer and die electrodes may be completely enclosed by the intestines. 
These 'Implantation" metibods are sometimes prefored for tenq^oraiy \ise of Ibe device. 

In some cases, proper implantation of sensors may be problematic, for exanq>le sensors diat 
impale single beta cells or islets. In an optioiuil procedure, part of the pancreas is removed, sensors 
and/or electrodes are attached thereto and then the removed part is inserted back into the body. 

In the above embodiments, it was suggested to impale the pancreas vising electrodes or 
electrode guides. In an exemplary embodiment of flie invention, when impaling, care is taken to avoid 
major nerves and blood vessels. Jn an exemplary embodiment of the invention, the implantation of 
electrodes takes into account other nearby excitable tissue and avoids inadvertent stimulation of sucii 
tissue. 

CALIBRATION AND PROGRAMMING 

Pancreatic controller 102 may be inq}lanted not only, after a stable disease state is known, 
but also dming an ongoing disease progression. Under these conditions and even in the steady state, 
cells that are to be controlled by controller 102 are expected to be diseased and/or over-stressed 
and may bdbave somewhat unpredictably. Unis, in an exemplary embodiment of the invention, 
(^)timizing the control of flie pancxeas may require calibrating the controller after it is in^lanted. 
Howev^, it is noted that such calibration is not an essential feature of the invention and may even be 
siq)erfluous, especially if a reasonable estimate of flie pancaieatic phy^ological state can be 
determined before in^lantation. 

Fig. 7 is a flowchart 500 of an ex^plary me&od of controller implantation and 
programming, in accordance witii an exemplary embodiment of flie invention. Otiier mettiods may 
also be practiced 

Before implantation, a patimt is optionally di^osed (502) and an expected benefit of 
implantation is optionally determined. It is noted however, that controller 102 may also be used or 
diagnostic purposes, due to its ability to take measuranents over extended periods of time and 
determining the response of the pancreas cells to differ^t stimuli and situations. 

A controller is tiien implanted, for exaniple as desmbed above, and an initial programming 
provided (504). The initial progtamming may be performed while tiie controller is outside flie body. 
Howev^, In an exemplary embodiment of the invention, the controller is enable of extensive 
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programming when inside the body, fer example as described below, to liable ttie controller to 
selectively apply one or more of die many dififeient logic schmies and pulses, possibly differendy to 
one or more of fte controDed areas. 

During an information acquisition step (506) the bdiavior of the pancreas is tiadced, possibly 
5 without any active control of flie panCTeas. This infomration acquisition optionally continues all duou^ 
the life of the controller. In an exen5)lary embodiment of the invention, ttie acquired infinmation is 
periodically- and/or continuoudy- r^rted to a treating pl^cian, for example using ext^nal unit 
116, An exOTiplaiy rqpoit is flie glucose levels in the body and the main events fliat affected flie 
glucose level 

10 Alternatively to mere infomiation gathering, the information acquisition also uses test control 

sequences to determine the pancreatic response to various pulse forms and sequences. 

In an exemplary embodiment of the invention, the information acquisition step is \ised to 
detemime physiological pathologies and especially to detect and feedback- and/or feed-forward- 
mechanisms fliat are impaired. Such mechanisms are optionally si^planented, replaced and/or 
1 5 overridden by controller 102. 

Alternatively or additionally, the information acquisition is geared to detecting feed-back and 
feed-forward intemctions in the pancreas, especially interactions between hormones, possibly 
dependent on glucose levels, homione levels and/or stimulation history. This information may be used 
to provide parameters for a predetermined model of the pancreas. Alternatively, a new model naay be 
20 gaiocated, for example u^g a neural-network program. 

Possibly, various protocols are tried on small control regions to determine their effect. 
The mformation acquisition, and later the calibration and programming may be perfomaed on 
a per-person basis or even on a per-islet or per pancreatic portion basis. Optional^, a base line 
programming is determined ficm odier patients with similar disorders. 
25 Optionally, various test sequences are timed to match patient activities sudi as eating, 

slewing, exercising and insulin uptake. Also the programming of the controller may be ad^ted to a 
sleep schedule, meal taking schedule or oflier known daily, weekly or otherwise periodic activities. 

Possibly, flie acquisition is enhanced wifli testing of hormonal levels and/or other physiological 
parameters for whidi sensors may or may not be inrovided on the pancreatic controller. These 
30 measurements may be used to learn which glucose levels (or other physiological parameter) and/or 
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levd changes aie caused by which honncmal level. Thus, normal and/or ahnonnal honnonal levels can 
be later determined without a dedicated sensor. 

Pos^ly the additional sensors are off-line, e.g., laboratoiy blood testing. Alternatively or 
additionally, an ambulatoiy monitor is provided to the pati^ into which the patient enters various 
5 infonnadon. 

AAer a faster picture of how the pancreas is acting is fixmed, a first reprogramming (508) 
may be performed. Such repiogramming may use any means known in the art such as magnetic fields 
and dedromagnetic waves. 

Tbe reprogramming optionally implements partial control of the pancreas (510). Such partial 
10 control may be used to avoid overstressing the entire pancreas. Some of the controlled parts may be 
siqjpressed, for example using hyper-polarizing pulses as desodbed above. It is noted however, that 
since die pancreatic damage does not usually cause immediate life threatening situations and because 
the pancreas is formed of a plurality of substantially independent portions, there is con^derably more 
leeway in testing flie effect of control sequences and even the long term effects of such sequences, 
15 that there is in other organs such as the heart 

In an optional step 512, the interaction of pharmaceutical or honnonal treatment with tiie 
controller may be determined In this context is it noted that cardiac and nerve electro-physiological 
pharmaceuticals may be usefijl also for treatment of pancreatic disorders. Alternatively, pancreatic 
control may be desirable to offset negative side effects of such pharmaceuticals taken for non- 
20 metabolic disorders. Alternatively or additionally, the effect of pharmaceuticals on pancreatic cell 
behavior and/or feedback interactions, is determined 

Steps 508-512 may be repeated a plurality of times before setding down to a final 
progitamming 514. It is noted that ev^ such final programming may be periodically re-assessed (516) 
and th^ modified (518), for example as the pancreas and/or the rest of the patient iixq»ov^ or 
25 degrades, or to apply various long-term effect control sequences. 

In an exemplary embodimmt of the invention, a tissue viability testing of the controlled and 
oiAinoontrolled pacts of the pancreas is optioiKilly pedhtmed periodicaUy, for example to assess 
patient state, to update the patient base line and to assess the efiBciency of flie therg^. &cemplaiy 
metfiods of viability testing include analyzing electrical activity, r^onses to dianges in ghicose levd 
30 or insulin levels and/or responses to various types of electrical stimulation. 
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In an exemplacy embodiment of the invention, flie programming^ measuron^ils and^or pricxr 
attenqjted treatments Onchu&ng possibly phamiaceutical tteatmmts) are stoied in a mmoiy portion 
of controUa- 102. Alternatively or additionally, fiie programming may include special sequ^ces fiiat 
take into account taking of phaimaceuticals. Li an ex.enq)lary embodiment of the invention, iwfaen a 
5 patient takes a pharmaceutical or insulin controller 102 is notified, for example by manual ii^put into 
extanal unit 116 or automatically by the administration method. If the patient n^ected to take the 
I^iamiacMtical, insulin, and/or ^ucose, a compensatoiy control sequence is provided, possibly 
iiiespective of viiefher an al^ is provi&d to die patient 
EXPERIMENT 

10 In an exemplary experiment, a me^ unipolar electrode was placed under a pig pmcxeas and 

a needle elecbode was inserted into the overlying abdominal wall as a ground. A pulsed current (S 
Hz, 5 niA, 5 riis duration) was appUed for five minutes and vesdted in deoieasei^ 
89 to 74 mg/dl. Serum insulin increased fix^m 3.8 to 5.37, microU/ml, measured using the ELISA 
method. Both ghicose levels and insulin levels returned to the baseline after 30 minutes, in a difierent 

15 animal, tiie application for 5 minutes of a pulse of 3 Hz, 12 mA and 5 ms duration resulted in an 
insulin increase from 8.74 microU/ml to 10.85 8.74 microU/ml. 

Fig. 8 is a chart showing the e£fect of such electrical stimulation on insulin levels, in six 
animals. 

ADDITIONAL EXPERIMENTS 
20 Fig. 9 is a chart showing the efiect of electrical stimulation on blood glucose levels, in an 

experiment in \^ch glucose levels are increased faster than would be expected solely by inhibition of 
insulin secretioa 

In a sub-chart 904 of chart 900, glucose levels are reduced by the application of a stimulation 
pulse SI. In a sub-chart 902 of chart 900, glucose levels are increased by the application of a 
25 stimulation pulse S2 and then reduced by an ^plication of pulse SI again. It is hypothesized tiiat 
merely reducing insulin secreticm would not be sufficient to explain such a fast and large increase in 
gllucose levels. Instead, die secr^on of glucagon is causing a release of glucose fiom die liva; raising 
the blood ghioose leveL 

Chart 900 is from an experiment on a rat which was anesthetized with pentobarbitne (40 
30 m^lKg). After tasting the lat was gjven a continuous uifusion of 5% ghicose at a rate of 2 cc/Hr. 
During the experiment, die rat was ventilated witti oxygen. The sanqde shown on diart 900 are the 
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lesults of an analysis by a ghicom^ 'Kjluootroid", by Rosdie^ of blood fiom the rig^t jugular vein 
evexy 5 imnutes. SI and S2 have a similar foim, except fliat S2 has a 2niA amplitude and a 3.S 
minute duration, vMIq SI has a 1mA an^Utude and a S minute duration. The pulse includes an initial 
spike followed by a 150 ms delay and a train of 7 50% duly cycle spikes spread over 400 ms. The 
entile pulse is lepeated evoy 10 seconds. The initial spihd is 50 ms long. Bofli electrodes were 
Mdium Oxide coated Titanium. The geometry of die electrodes was a coil, 8 mm long, 12 mm 
diameter, with a 100 \i diameter 3 fillar wire. The coil was glued on a silicone pad (for insulation and 
prevration of mechanical damage. Two such electrodes were placed along flie pancreas, one above 
and one below (when the rat is on its back). 

Figs. lOA-lOB, 1 1 A-1 IB, 12A-12B and 13A-13B are pairs of figures, each pair showing a 
chart and a pulse diagram of an additional experiments using a similar setup to that of Fig. 9. 

In Figs. 10, 12 and 13 both electrodes were above the pancreas and the signal was applied 
for 5 minutes. 

In Fig. 1 1, both electrodes were xinder the pancreas and the signal was applied for 5 minutes. 
ADDITIONAL EXPERIMENTS IN A PERFUSED RAT PANCREAS 

A series of experiments were carried out on a perfiised rat pancreas. Hie pancreas is actually 
disconnected from any control system (e.g., blood, nerves), but not disconnected fix)m its ligaments 
and sunounding oigans. In an anesthetized rat, all main blood vessels are tied oif around the pancreas 
and a cannula is inserted to the descending aorta, the thoracic aorta is tied oflFlast and the circulation 
of blood substitute (with glucose) is allowed through the celiac trunk to the liver, pancreas and 
duodenum. The perfiisate is flien collected 6om flie portal vein for further examination. This does kill 
the xat hi general, flie sqpiplication rate of once a nunute was d^osen since it g^ierally matches the 
natural burst rate of the pancreas. In oflier creatures (e.g., humans) and/or various conditions, this 
rate may be different 

Fig. 14 is a chart diowing an e^qserimsot in which ^plyhig stimulation pulses increased die 
amplitude of bursts but did not induce new bursts. Due to die electrical nature of the measurement, 
stimulation pulses appear as lines that span the entire vertical range of the diart This is genially true 
in the other charts as well. For darity, (some) bursts are measured with die l^ter •'B", and stimulation 
pulses widi die letter "S". hi diis experiment, performed in sito, in die rat, as described above^ die 
pulse was a bi-phasic rectangular balanced pulse at 5 Hz, 10 ms pulse lengdi, 10 mA maximum 
amplitude, 0.5 second application duration and was applied every minute. This pulse apparendy did 
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not induce significant new bursts whoi spplied at a non-bursting time and increased flie anq>litude of 
bursts occurring and/or during after die pulse. Possibly a burst did occur during the pulse and is not 
detected due to measuroooetit ^stem limitations. In addition, the rate of die bursts sheared not to 
change, bowevor, it is believed fliat \ising other parameters, burst rate can be controlled electncally, 

5 not only using direct pacing. 

It should be noted diat die charts showing electrical activity are schematic only and do not 
show all the fine details of the electrical signals measuranents, due to resolution limitations of die 
drafting and presentation process. 

Fig. 18B, shows a measurement of insulin levels (shown in this and odier charts in units of 

10 micro-units pa* mili-liter). Stimulation apparentiy caused a coiresponding increase in insulin leveL 
However, in die first two stimulations, the level ^parendy did not increase immediately, but only 
towards die end or after the end of die pulse. It is hypothesized, that a pulse may have two effects on 
beta cells, one of priming diem for insulin secretion (e.g., promotfaig generation) and one of initiating 
or suppressing secretion. It is hypothesized (and as will be supported by odier experimental results 

15 below) diat longer pulses may have the effect of preventing insulin secretion, possibly by hyper- 
polarization of beta cells. Depending on the degree of hyper polarization and the amount of insulin 
generated in die cells and/or possibly on the environmental cues (e.g., ghicose level and/or hormone 
level), a cell may be stimulated to secrete even during an application of the electric field, may be fi:ee 
to seci^ aflierdie field is removed, or may be prevented fix)m secretion for a duration after the field 

20 is removed If die stimulations are close enough together, the cell may be prevented from sea:etion 
until die sdmulation series is completed or until its intonal activities are strong enough (e.g., stimulated 
by internal insulin stores) to overcome die hyper-polarizaticHL In diis and other observed effects, it 
should be noted that while various mechanism have been bypodiesized, the discovered ef&cts may be 
used m some ^bodiments of the invention even widiout a conect understanding of die biochemical 

25 and electro-physiological processes behmd dieoL Thus, pulses having lengdis of between 1 and 40 
ms may have significandy dififmnt physiological effects. This may sug^ uang pulses of Imgdis 0.5, 
1, 2, 5, 10, 15, 20, 32 and 40 ms or pulses of shorter, intermediate or greater duration. 

An alternative interpretation is diat the fiiequency afifects die behavior of the beta cells. Thus, 
various firequencies, such as 2 Hz, 5 Hz, 10 Hz, IS Hz, 20 Hz or smalls intermediate or larger 

30 fiiequoicies may be used. 
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An altmiative, coirq)osite inteipietatioii is tihat ttie CQmbinadon of pulse duration (e.g. , one or 
bofli of flie Isngh of eadi subi)iilse, measinsd in milliseconds in some examples and fee lengdi of 
eadi train, measuied in whole seconds and fiactions thereof in some examples) and fiequency 
dictates a total about of stimulation, v*idi total stimulation may detsmnine the effect of the pulse, at 
least fbt some ranges of fiequencies and an9}litude& 

Figs. 15A-15C arc a chart and two enlargemrats thereof of an e^qpeiiment showing diat a 
stimulation pulse syndironizes burst activity, possibly wifliout immediate^ generating a new burst The 
ejq)eriment is in-sito, as above, with flie stimulation parametra being bi-phasic rectangular balanced 
pulse at 10mA,40ms at 20 Hz, applied for 500 ms. Figs. ISBand ISCdiowenlar^mentsof two 
stimulation pulses, showing that no immediate bursts were apparently generated (unless fliey are quite 
short and masked by die stimulation). Possibly if the stimulation rate wctb considerably slower, 
naturally occurring bursts would occur. In an exemplary enibodiment of the invration, the burst rate is 
controlled (e.g., made higher or lower than natural) to some extent by applying itns type of pulse. 

Figs. 16A-16C are a chart and two enlarg^ents fliereof of an experiment showing new 
burst induction by a stimulation pulse. The eflFect of the new burst is substantially immediate. As noted 
above, it is hypothesized that the length of the stimulation pulse is what determines if there will be a 
delay before such a burst occurs and/or the extent of sudi a delay. One possible support for this is 
ttiat no second burst after about 5 seconds is shown in Fig. 16, leading one to believe that this type of 
pulse stimulates the creation of a single burst, at a variable delay and/or can be used to delay the 
onset of a naturally occurring burst In any case, once a burst occurs, natural mechanisms, such as re- 
polarization and exhaustion may prevent a next burst fiom occurring too soon. 

Rg. 17 is a chart of an experiment showing that a stimulation in the middle of a burst did not 
stop the burst, m some embodiments of the inventioa The burst on flie left is shown for comparison, 
so tfiat flie effect of the pulse on the burst (e.g., on length) may be seen. The effect of on tiie lengfli 
and ainplitude is not clear and may be negligible or may be significant in for lengdi and/or ampHtude. 
As noted above» Fig. 14 ^ws an increase in amplitude as a result of such a stimulatioa The pulse 
parameters are 10 noA, 2 ms, at 20 Hz, for 500 nis, appUed evary 1 niinute. 

Figs. 18A and 18B are charts showing changes in insulin level apparenfly caused by 
stimulation. Fig. 18B was discussed above. Fig. 18A diows two duplicate sets of measurements, 
made on the ^une samples, for ensuring accuracy of ttie insulin measurranent As can be seen, insulin 
levels increase during or after sttmidatioa It is believed fliat flie rightmost inarease in insulin level is a 
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delayed e£fect of flie sdnudadoii vMA causes a gen^y increased activity of l)eta cells» as well 
possibly a mommtaiy increase in output Samples are made fbiee minutes apart The pulse 
panimeteis v^ie 10 mA, 10 ms, at 20 Hz, for 500 ms, rq)ealed evacy 1 ^ 

For lefeimce, Fig. 19 is a diart showing relatively constant insulin levels in a perfused rat 

5 pancreas, without ^irnulation. 

ADDITIONAL EXPERIMENTS IN A LIVING MINI PIG 

Two mini-pig3 (named Venus and Shifia) were utilized for these e^qperiments. The pigis, of 
weig^ betwreen 35 and 40 Kg had electrodes implanted into Ifaeir pancreas. Either four or six 
electnxles were implanted, however, only fi>iir were utilized, with two electrodes in^lanted at each 

10 end of the pancreas and shorted togedier. Hie electrodes were wire electrodes separated 2 on within 
the pair and inserted to a d^tfa of 3-S mm, diis length being electrically conducting. Tbe pigs were 
starved and then dther fed pig feed or provided with sugar (sucrose) cubes to eat The experiments 
were repeated for the same animal with and wifliout stimulation, as will be described bdow. The pigs 
have remained alive and are apparently unbanned by the expaimentation, which occuned over a 

15 period of several months. 

Fig, 20A is a diart showing dianges in insulin levels with and without stimulation, in a live 
mini^ig given sugar cubes (30 cubes of 2.5 grams sucrose each, eaten in a few minutes), after 
starvation. A follow up experiment did not show considerable different between feeding suax>se and 
feeding glucose, which, being a fluid is technically more diOScult to feed to a pig. Two stimulation 

20 series were applied, one 15 minutes long and flie second 10 noinutes long. Time zero is the start of 
feeding. The pulse was 100 fiz, 10 ms, 1 second length, every minutes, ampUtude is 5 raA. 

As shown, insulin increase in the stimulation experiment is faster and greater than v^thout 
stimulation. 

Fig. 20B is a chart corresponding to chart 20A, lowing for the stimulation case the 
25 relationship between glucose level and insulin level. As noted above, and in the discussion of Fig. 
21A, diere exist physiological mecdianisms, such as glucagon seoietion that increase glucose secretion 
if insulin level go hi^ In some embodimmts of the invention, a smaller stimulation may be allied to 
reduce this ^cose seoetion. 

Fig. 20C is a chart corresponding to chart 20A, showing for the non-stimulation cases, tiie 
30 relationsbip between glucose and insulin level 
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Fig. 21 A is a diait lowing cihangjBS in insulin levels widi and witbout stumdation, in a live 
mini-pig given food, about 700 ginanis» after starvation. It should be realized that provision of food is 
geneiall/ less controlled than provisicm of sugar. Two stimulation series were ^lied, one 1 5 minutes 
long and die second 10 rninutes long. lime zero is Restart of feeding. 100 Hz» 10ms» 

5 1 seccmd leogtti, eveiy minutes, anq)fitude is S mA. The effect on insulin Iot^ 

first stinoulation, but not afiar the second, possibly due to exhaustion of pancieas or due to low 
glucose levels (shown in Fig. 20B). It is hypothesized that the pidse, as ^splied, does not axfoitiariiy 
cause the seoetion of insuEn, but amplifies or primes existing physiological mechardsms. Urns, 
stimulatian when gihicose levels aie low does not cause necessarily inoease insulin levels to high levds 

10 (whidi mig^t be dan^nnis in this situation). Tbis may be a direct property of ttie pulse or it may be 
caused by various physiological mechanisms. Anoflier possible inter[xetation is that had obs^i^on 
been contiiiued, the increase in insulin levels obsorved afla: the second sfimulation would have 
continued The relative delay and/or reduced rate of this increase may be due to one or more of the 
above described mechanisms. 

15 Fig. 21B is a chart corresponding to chart 21 A, showing blood glucose levels. While the 

blood glucose went yxp after the first stimulation, it went up by less than the control situations and 
peaked sooner. This suggests that the pulse may have directly or indirectiy affected glucose levels, 
one possible mechanism is that insulin secretion causes glucagon secretion or that ^ucagon secretion 
was directly induced by the pulse. Possibly, these effect is more pronoxmced if the insulin is produced 

20 as a bolus, so that insulin levels build vp considerably and/or fast in the pancreas and/or in the body. 
EXEMPLARY APPLICATIONS 

The above pancreatic controller 102 may be used after a diabetic state is identified. 
Optionally however^ tfie controU^ is used to better diagnose an evolving disease state and/or to 
prevent a final diabetic state from ever occurring, for example by supporting the pancreas. Thus, a 

25 ten^oraiy device embodiment is optionally provided additionally to pemianently implanted device. 

In another application, strict control of body insulin output and blood glucose levels is used 
not only to prevent obese patient from developing diabetes by overwoddng of die pancreas, but also 
(simultaneously or alternatively) fc»r reducing bo^ wei^t Such a sdieme may require strict 
prevention of elevated glucose levels in blood, to avoid damage to the body* However, it is expected 

30 that by reducing insulin production at '^onxial" glucose levels, feelings of hunger may be suppressed, 
as well as reducing the increase in mass of adipose tissua 
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In an ex^iqplaiy ffiibodiment of the inventioii, controller 102 is a stand alone device. 
Howev^, a dual organ conttoUo: may be nseftd in some disease states. In one example, it is noted 
tbat many patioits wife panoeatic disontes also have cardiac problems. Tlhis, a combined 
carfiac/panaeatic controller may be provided, possibly sharing one or more of a casing, 
programmipg means, power supply and control circuitiy. In anofeer example, a conttoUfflr for the 
utaus and a pancreatic controller may be combined to protect against pregnancy related diabetes 
and improper uterine contractions. 

Anoth^ exemplary dual organ controller is used for bofli flie stomach and flie pancreas. Such 
a controller is useful for obese persons, to suppress slomadi contractions and prevent feelings of 
hun^. At the same time, insulin level mayr be controlled to prevent hung^, or, in diabrfc patient^ to 
prevent hyper- or Iq^io- glycrania. 

It will be ^reciafed that the above described methods of controlling a panaeas may be 
varied in many ways, mchiding» changing the order of steps, which steps are performed more often 
and which less often, the anan^oit of electrodei^ the type and order of pulses appKed and^or the 
particular sequences and logic schemes used. Further, the location of various elements may be 
switched, without exceeding the sprit of the disclosure, for example, the location of the power source. 
In addition, a multiplicity of various features, both of method and of devices have been described. It 
diould be ^5preciated that different features may be combined in different ways. In particular, not all 
flie features shown above in a particular embodiment are necessary in every similar exenq>lary 
embodimKit of the invention. Further, combinations of the above features are also considered to be 
within flie scope of some exemplary embodiments of flie invention. In addition, some of flie features 
of flie invention described herein may be adapted for use with prior art devices, in accordance wifli 
oflier exemplar/ embodiments of flie invention. The particular geometric forms used to iUuslrate flie 
invention should not be considered limiting flie invention in its broadest aspect to only those fonns, for 
example, where a ball electrode is shown, in oflier embodiments an ellipsoid electrode, Alfliou^ 
some limitations are described only as mefliod or qiparatos limitations, flie scope of flie inv^tion also 
includes apparatus programmed and/or designed to carry out tiie mefliods, for example usmg 
fimnware or software programming and mefliods for electrifyii^ flie apparatus to have flie apparatus's 
desired function. 

Also wifliin flie scope of flie invention are suigical kits which include sds of medical devices 
suitable for implanting a controUer and such a controller. Section headers are provided only to assist 
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in navigating the supplication and should not he constnied as necessarily lioiitii^ die contents described 
in a certain secticm, to diat sectioa Measuiements aie provided to serve only as exemplary 
measurem«its for particular cases, fee exact measuremenls jqaplied will vaiy dq)ending on the 
application. When used in flie following claims, flie tanas "conprisesi", "con^Misbg", "includes", 
"iiK^Iudii^' or the like means "inchidin^ 

It will be appreciated by a poson skilled in the art that the present invention is not limited by 
what has thus far bem desaibed. Rather, the scope of the present invmtion is limited only by flie 
following daims. 
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CLAIMS 



5 



1. 



A pancreatic controller, con9}riajig: 

at least one electrode adapted for electrifying at least a portion of a pancreas; and 



a controDer programmed to electrify said electrode so as to positively control at least the 
effect of at least two msnbm of a group consisting of blood ghioose level, blood insulin level and 
blood level of another pancreatic hormone. 

10 2. A controller according to claim 1, \di^in controlling comprises modifying said at least two 
raembas simultaneously. 

3. A controller according to claim 1» wh^ian controlling comprises selectively modifying only 
one of said at least two members, while at least redudng a causative inta:action betwem said two 

15 members. 

4. A controller according to claim 1, wherdn controlling comprises maintaining at least one of 
said members within a desired physiologic range. 

20 5. A controller according to claim 1, wherein said at least two members comprise glucose level 
and insulin level 

6. A controller according to claim 5, wherein controlling comprises modulating an effect of said 
iusulin not related to carbohydrate m^abolism. 

25 

7. A controller according to claim 1, wherein at least one of said two members conoprise 



8. A controller according to claim 7, wherdn controlling compri^ increaabg glucagon 
30 secretion, to contract an effect of insulia 



glucagon. 
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9. A controlkar according to claim 7, \(4imin confiQlling con^rises increasing glucagon 
seoietion, to achieve bigher blood ghicose levels. 

10. A controller according to claim 7, M^min controlling comprises ledudng the seoietion of 
5 ghicagO]],v4ien insulin searetton is tnoeased. 

11. A controller according to claim 1, wherein at least one of said two members comprise 
Smiatostatin. 

10 12. A controller according to claim 1, wherdn at least one of said members comprises ghicose 
level 

13. A controller according to claim 12, wherein said controller selects between alternative control 
therapies^ a tfaers^y that has a least disrupting effect on said ghicose levels. 

15 

14. A controller according to daim 1, whmin said controller uses solely electrical fields to 
control said mmibers. 

15. A controller according to claim 1, wherein said controller tal^ molecules provided in the 
20 body, into account, for said control. 

16. A controller according to claim 15, wherem said molecules are provided without a control of 
said controller. 

25 17. A controller according to clami 15, whmin said molecules are provided under a control of 
said contioll^. 

18. A controll^ according to claim 15, wherein said molecules suppress die secretion of at least 
one pancreatic hormcme. 

30 
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19. A (xmtioller accoiding to claim IS, ^eiein said molecules suppress die efifect of at least one 
pancreatic hormone. 

20. A confioller according to claim 15, vt^erein said molecules enhance the secretion of at least 
5 onei 



21. A conlioller according to claim 15, wherein said molecules enhance the effect of at least one 
pancreatic homione. 

10 22. A controller according to claim 1, wherein controlling a member hormone comprises 
siqipiessing a secretion of an antagonistic homione. 

23. A controller according to claim 1, wherein controlling a member homione comprises 
enhancing a secretion of an antagonistic hormone. 

15 

24. A controller according to claim 1, wherein said controU^ comprises a learning mmioiy 
module for storing therein feedback interaction of said pancreas. 

25. A controller according to claim 24, wherein said feedback interactians comprises interactions 
20 between hoimone levels. 

26. A controller according to claim 24, wherein said feedback interactions comprises inteiacti<»is 
between hoimone levels. 

25 27. A controller according to claim 24, wherem said feedback interactions are dependent on 
blood glucose levels. 

28- A controller accoiding to claim 24, wherein said feedback interacticms are determined by 
said controller, by tracking a behavior of said pancreas. 

30 
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29. A conlioller acconling to daim 28, wherdn said oontroU^ active^ modifies at least one of a 
ghicose level and a pancieadc honnone level, to collect feedback intemcdon infimnation. 

30. A contcoUa: accoiding to claim 1, comprising a sensor for seising a level of said cmtiolled 
5 member. 

31. A controller accoiding to claim 1, conqnising an estimator for estimating a level of .said 
controlled memb^. 

10 32. A controller according to claim 1, wherein said electrode applies a non-excitatoiy pulse to 
efiect said control. 

33. A controller according to claim 1, wherein said electrode applies an exdtatoiy pulse to effect 
said control. 

16 

34. A controller according to claim 1, wherein said electrode modifies blood flow associated with 
said pancreas to effect said control. 

35. A controller according to claim 34, wherein said modified Mood flow comprises blood flow 
20 to honnone genmting cells of said pancreas. 

36. A conlroUa- according to claim 34, wher^ said modified blood flow comprises blood flow 
from said panaceas. 

25 37. A controllar according to claim 34, wherein said modified blood flow conq>rises blood flow 
from honnone grafting cells of said panoeas. 

38. A controller according to claim 1, wherein said at least one electrode comprises at least two 
dectiodes that selectively electrify difieient parts of said pancreas, to achieve a desired control of 
30 said at least two members. 
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39. A contioller accoiding to claim 1» wh^^in controlling conpises oontroUing seoedon. 

40. A contioOeraccoidiag to claim 1, herein ocKitrol^ 

5 41. A comioll^ acoQrding to claim 1, wherein controlling coaqjrises amfroUiiig physiological 
activity. 

42. A mediod of mapping panoneatic bdbiavior of a pancteas, comprising: 
delmnining a behavior of a panoeas at a first set of condition^ 

10 detemiining a behavior of a pancreas at a second set of conditions; and 

analy^g the behavior of die panoeas and die sets of conditions, to detemime a bdiavior 
pattern of flie pancreas. 

43. A method according to claim 42, herein said behavior pattern comprises an interrelationship 
1 5 between two hormones of said pancreas. 

44. A method accoiding to claim 42 wherein said sets of conditions ate naturally occurring. 

45. A method according to claim 42 wherein said sets of conditions are at least partially artificially 
20 induced 

46. A method according to claim 42, conq)rising controlling said panoeas responsive to said 
determined behavior. 

25 47. A m^od according to daim 46, wherein controlling con^rises controlling using 
pharmaceuticals. 

48. A method according to claim 46, wfaa:ein controlling comprises controlling using electrical 
fields. 

30 

49. A mediod of controlling burst activity of a pancreas, con^rising: 

58 



flying an electrical field to at least part of a panaceas such fliat bucst activity is initiated a 
&w seconds after said applicatim; and ^ 

lepeating said ai^licaticm a plurality of times such that substantially all burst activity of said 
part of apancreas during a time period spanning said applications is syndironized to said sqpplication 
5 and repeated application. 

SO. A method according to claim 49, con^sing varying a repetition rate of said application to 
control a burst rat of said at least part of a pancreas. 

10 51. A method of controlling activity of a panaceas, comprising: 
providing a source of electrical fields; and 

electrifying said source to apply an electric field to at least part of a panaceas, such that said 
^Ued field increases an amplitude of at least one burst following said aj^lication. 

15 52. A method according to claim 51, wherein said applied field does not induce a new burst 

53. A method according to claim 51, wherein said applied field does not substanfiaUy diange a 
burst rate of said pancreas. 

20 54. A method according to claim 51, wherein said increased amplitude burst provides an 
increased level of insulin relative to a nonnal amplitude bmst 

55. A method according to claim 51, comprising syndironizing said electrification to a natural 
biirst sequence of said at least part of a pancreas. 
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ABSTRACT OF THE INVENTION 

A pancreatic cantrolleri conq>rising: 

at least one electrode adapted for electrifying at least a portion of a jmcieas; and 

a controller programmed to electrify said electrode so as to positively control at least the 

effect of at least two membra of a ffoup consisting of blood glucose level, blood insulin level and 

blood level of anoflia^ pancreadc horaione. In one example, the controller controls insulin, glucagon 

and/or glucose blood levels. 
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